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MATERIALS ANB PROCESSES OF 'OmSfm 
Overview 



KATERXALS ADD HtOCBSSBS, a study of how man alters loateriald to 
Increase their vaXue* is a one year oourae designed for inclusion into 
the hi(^ school Industrial arts cwriouluiii* Providicm is made within 
the co^urse for aym^liCt vlcadoiui't and direct purposeful learning 
experienoes and the content is fomulated to have appeal for girls 
and t)cys regardless of their educational and career goals* 

Participation in HAl*ERIAIiS AHB PROCESSES will provide the student 
vith^a basis for decisiim*oaking relative tot 

1, iihe selection of jmper mater iale for particular 
products: Electrical, chealcal, emrirtnimental, 
atruotural, operational, aasthetical, and thermal* 

2, Ttie selection of appropriate processes for the 
quantity of production required* 

Included in the course materials is the overriding issue of 1>oth 
the beneficial and detrinental effects of materials proceesine, <m 
industrial personnel, the oonsuwr, and the larger society* 

'SiiB materials, activities and general direoticnx of this pu3>lication 
verc adopted from the Kansas Stats Department of Education ConoeptiaQil 
Sftse for Industrial Bduoation Project* A special thanks is extmded to 
lawrence 7oth, State Superriscn: of Industrial Arts, for aidins louLslana 
Industrial Arts teachers in the publication* 
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TOPIC OUTLINE 



Vnit I - Productive 
t System 



I. 



Research and 

Devel opment 
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PERFORMANCE OBJECTIVES 



Vhe student will able to define 
the productive system as human effort 
to produce goods and services in 
hopes of iihalciji^ a profit* 

^e student will be able to list and 
escplaln the five principal elements 
of the productive system and clarify 
the function of each* ^Chese bein^ 
(1) Research and development 
f 2) Heurlcetlnff 

(3) Finance 

(4) Production 
(^) Management 



The student will be able to explain 
the foIIowlnfiT things about research 
^d development! 

1) Its definition 
Methods of research 
Proceos of research 
Professional persons involved in 
research and devel opincnt 

The student v,'ill make rough and re- 
fine Eketches and soft nock-ups of 
a product* 



SUGGESTED ACTIVITIES 



iDi scussion-demons tration * 



Piscussion-^emonstration* Students will 
conceptualize a graphic representation 
of the productive system* If students 
desire, they may free-hand sketch the 
product* Students may also use ma^* 
zines, newspapers, etc* (as outside re** 
search) to make an 8** x 11'* insert for 
class notebooks* Students are to list 
tensSf definitions, and find or dxtat/ 
pictures to portray five basic jaro- 
Cedures* (Che student is encouraged to 
use a variety of colors* 

Discussion-demonstration* 



The students, with the aid of the 
teacher, will design a product for 
development* Sxanplei a 3-dimensional 
tic*tac*toe game that is played with 
glass marbles* ^o sets of four mar* 
bles will be required to play the geuae 
and the marbles should be stored within 
the game board body when not in use* 
The entire product should be small 
enough to fit inside a lacly's purse or 
nan's coat Docket* 



RESOURCES 



See Appendix I- 
P* 8-9 
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miC OUTLINE 


PERFCStMUiCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 




Th« 3tua«nt will aole to discuss 


Si scuss ion*d efaonsxra t i €JX * 














tlon)^ Its advanta^s and disadvan- 








tages} alBO, caxeera xelated to the 








niBnufacturln^ industry ♦ 








The student will oe aoie to operate 


^Lnc xeacner ozia svucienvs wiXni^ avs^gn anci 






machines and tools and produce the 


SBt up a prouuCvion iine sysveio* iTie 


P* 0*7 




product tney nave aesignea^ iisinf a 


students viii oe assx^nea a woxic station 








and WXX^ p.cwailC9 a J^'Cwaucv XA SUXxlClfinv 






^uanvj.^^ xof eacn ciass meiiioer to n&ve 








a xajce^nocie iKcvuuGv* ax^ acvivmss 








no 09 j*^** oxiQcci up xo f vux nox 








cluaingf panicflging* ass Appenoxx x xor 








a production line system* Handouts of 








materials in appendix should be made 








• jlik AH M A A#l A Ji 

wnen neeciea* 








ouppxxBS* oe V ox prvuujc uXQH TOOIS 








£ f XXjT Ujf 0JJIXUC9 








^ X ^ n** a A A t Ami via 








Ornamental wood screws 








Sandpaper 
















ifQ^uxpoienxt onix presses 








xiisc Bancier 








4 A^ a ^llifc AAI J 

xtaoxax am saw 
















2 routers 








Table saw 








Orbital sander 








oq^uaring shears 






ine Svunenxs wxxx oe ^DXe xo uscuss 


^^-4^ AA44. A A 4 AAA n riWfW AjH. A'^ VIA 4* 4 JUl4. 

ipx 8CuS3 ion*iiemon8xrGiL ion * 






the following things about marketing 








(1) Packaging 








(2) Research 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



A. Packaging 



to 



B. I'larket 

Research and 
Advertising; 
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15) Advertising 

(4J Sales 

(5; Distrxlmtion 

The students will be able to discuss 
iihat item« should be included on a 
package t^ch is to be displayed. 
These aret 

(1) Picture or article or display or 

article contained within 
(Z) Selling i^ce 

(5) Materials rrom which article is 
manufactured 
The manufacturer's name 
Source of supply (vendor) 
Ssdential selling features 

(imi4.uen«se and strengths or 

product) 

(7) Instructions on how to handle 
and open package 



The student will be able to explain 
specifically the research and adver-* 
tising phases for inaxketing a pro- 
duct. Branple: a trivet set. 



The 

the 



(1) 



student will be able to discuss 
following about research: 
Present availability of tjroduct 
Public interest - assessed by 
researching consuraer survey report 
(a) Customer decand for product 



Discuss ion-^demonst rati on. Vfith the aid 
of the instructor the students will do 
the followini^: 

Itemize the content which should be 
printed on package. 
Print content on package material. 
Shear chipboard package material. 
Fold package into proper shape. 
Inspect^ clean^ and paclca^ product. 

Ebcaniple for ^ tic-tac*toe package is 

Shown in Appendix I, 

Supplies: ttanufactured tic-tac-toe «eune£ 
Printed packaging stock 
Steel rule die 

Marbles t 2 sets of 4 each of 
2 colors 
Cleaning rags 
Transparent tape 

Equipment: Press for steel rule die 

Given a list of guidelines to follow, 
the student will compose an approjafiate 
advertising media for the sale of a 
product. 

V/ith the use of the consumer survey 
form, the students will conduct a con- 
sxMer sujcvey involving administrators, 
teachers, and students of their school, 
as well as cOnniunity residents, to deter- 
mine pfubl'e receptivcness of the products 



See Appendiic I- 
P. 9 



Se5 Appendix I- 
p, 10-12 
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I'OPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



CC 



III* Production 

Qualily Control 
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(5) Consuiaer economics 

The student will be able to discuss 
the following: about advertising! 
^1) Media 

(2) Audience, vho will use product 

(3) Principal elements of advertising 



^e student will be able to discuss 
the following concepts of production 
and apply them to the enstixng pro- 
duction of a product - (trivet set}i 
(1) ProductiiMi tooling or **tooling 
up^' directed very closely by 
research and development 
Production control - planning, 
routing* scheduling* and dxs- 
patching: 

(Cypes of laroduction 

Quality control - those activi- 
ties designed to keep defective 

items trom beln^ prodiiced, or, 

if th^ are produced, keep them 
fTOTi reaching the market 
Interchangeability of parts 



(2) 



Students will use graphic representa- 
tions, captions, and poster paper to 
make an advertising brochure for the 
product. 

Students will select brochure that will 
best represent and depict the product* 

See Appendix I for more information on 
trivet setf advertising* and consumer 
survey form* 

The principles of sales and distribu- 
tion will be discussed later in this 
unit. 

The student vn.ll cut and form metal 
parts to qxiality control specifications* 

Assign students to various work stations 
and give specific instructions on 
quantity of metal ccMngEwnents to be 
produced* Cutting and forming opera- 
tions are to be comrpleted on all metal 
parts. 

Production of metal compon^its used in 

the trivet set will be performed with 

line production techniques* 



couasst M&TsaiAis Aim processss 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



IV* Production 
Control 



V* Management 



VI* Sales 
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The student will he able to disctiss 
the concept of production control as 
applied to the finishing ^stem for 
the trivet set* 

The student will be able to ejcplain 
the reasons for applying finishes 
and discuss -the types of finishing 
materials* 

The student will be able to explain 
the Importance of mana^rin^ all as- 
pects of the p3:oductive syatenif 
such ast plaimin^t organizinst ^ 

controlling of persons^ ideas^ and 
thingSf as these concepts are in 
evidence in the various production 
of products* Kxajnplet tic-tac-toe 
game and trivet set* 

The student will be able to discuss 
the follovinei 
1) VypoB of company orgeuiiaation 
Top nahaeefoent 
Operatlorial manafement 
Management and personnel 
(Qualities of a good rnanacer 

(a) His span of control 

(b) Leadership and decision* 
making ablli V 

The student will be able to explain 
tb?5 concept of sellinj? and distri- 
bution as applied to how to sell axid 
distribute a product* Bxamplet 
tr:,vet set* He ^11 be able to 
eicplain the following terms about 
saloGt 





SUGGESTED ACTIVITIES RESOURCES 



Sisctisslon-demonstration* The students See Appendix I- 
wlll clean the handle and base of the p* 9 
trivet set* They will dry them and 
apply the primer by following the pro- 
duction controls driven to thejo* 

See Appendix I for critical path for 
priming sequence* 



Dlscussian-demonstration* The in** 
structor will demonstratet (1) locating 
fixtureSf (2) riveting procedure^ and 
(3) installation and grouting of 

ce]?amlc t i le « 

The students will combine components 
with rivets and Install ceramic tile 
to triTOt set* 



Discussion-demonstration* Students 
will role* play personal sales and will 
collect firm purchase orders outside of 
class time* Production of the trivet 
set will continue as students clean 
crouting off ceramic tile and prime 
rivet heads and assembly scrat6hes* 



See Appendix I- 
P. 15 



TOPIC OUTLINE 


PERFOItMMiCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOUKES 




fl) Bemand 

i2j Competition 

(4) Inipersonal selling 

(5) Personal sales 






^/II. Production 
Completion 


'She student will l)e at>lc to apply 
the rinal coat or rinish to as- 
sembled producti (trivet set). He 
will be able to discusts the Tollow- 
ingt 

(1) Heasone for application or a 
final coat over the surface 

(2) Procedure for application of 
the final coat 


Discussion-demonstration* The student 
will mask off and spray paint the final 
coat of finish to the trivet set* 




VIII. I>.istribution 


Ihe student will be able to provide 
cushioning Tor the trivet set by 

Tvni t\£t i t iTi to A Host nvl 

liquid and prepare tlie set for 
distribution* 


Discus si(Ai**demonstrat ion* The student 
will provide cushioning to the trivet 
feet* Tn!*enfti?e tVi** ftA+ ^oi* difltT»lhutinn* 
and distribute the merchandise* 




L% - - ' 


Tho student will be able to discuss 
the following things as applied to 
dis toributi ons 

Cl) Direct or indirect distribution 

12) Transportation 

(3) Receipt of loerchandise 







pHODmrriTB system 
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TIC-O'AC-a'OE MAinrFACTIJRB 








Surface stoolc to size with 
a T>laner 

Cut to len^h with a radial 

Cvi dados and grooves yith 
tablo 

Drill Tuarble holes with 
tvfiot drill 

Soro holes for marble 
storago with spade d rill 

Cut groove with router 

Bevei 'ses of wooden blonk 

ti th ,cl i3 7, ggJidor 

iand \>«>oden blocJc vith 
prbitril sandftr 

nr j>d sand and apply oil finish 
to wooden block 




[Ch^O} Shear plaatics alide to size 
with stuaring shears 




[0*11 j Cut slot in plastics slide 
with router 




\0'^2) Finish the slide cdfies 
with a <]^igtc sai|der 




i013J Assemble slide to wooden 
block with an ornamental 
wood screw 



INS-1 



Inspect manufacturing 
qiiality 



[O^Hj Load two sets of marbles* 
four metrbles in ea<^ set 





0-15} Package TioTac-Ttoe product 



T-1 >DistrilmtG the product 
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THE THINKING GAME 
FOR EVERYONE 



% )toq J»d tttQ 



TRIVEl? SET 



UJl'PUT-a; AMD muiFHSNT 

Supplies! Captions 

Poster paper 
Consximar survey £aaa 
Gliie 
Scissors 



Quantity 



3IU. OF M/LTE&IALS FOR CEEUHXC . TRIVSr SEP 
Hame of part Slae . . _ Materlil 



2 
4 

1 

2 



Tray 
Peet 

Ceramic tile 
Tray 

Legs and handle 
Kastle grout rivets 



26 m. X 6 X 

6 3/8" 

X 5/8»* X 14" 
1« tile - 
12" X 12» 
26 gft. X 6 3/0" X 
12 3/8« 

1/4'' X 1/4" X 15i" 
5/32« 



Hlld steel 

Mild steel 
Ceiaalo tile nat 

mid steel 

Cold rolled steel 
Aluminum 




CERAHIC - MBCUi TRIVET 3£T 
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Instructions* 



Prom the captione given below, select those you wish to he included 
in an advertiaement poster, ISie captione you select are to be cat 
oat with ecissoM and adhered to the trivet eet picture provided 
for you. 



NO MOBS WORRIES 
OP 

BUHNT COOHTEa 
SURPkCES 




I.TMI1ED SUPPLY 



0^' 



1 


R 
Y 


1 


1 


A 






T 




m 


T 




5 


R 




A 




1 


C 
T 






1 




1 


T 




* 


E 





what you always wanted 
but WES never available 
until now 



St 



« O 
U 6> 
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COHSUtlER SUHVEr FORK 

Product 

Nane of researcher 

1 . Bo you think the overall appearance is attractive? 
Yes 

Ho 

2 . '.Vhat woidd you suggest to improve thi» product? 

^, Do you presently own an item similar to this product? 

Yes 

Ho 

" , '''oi'M you buy this product if it were now available? 

Yes 

Ho 

5t Would you recommend it to others? 

Yes 

No 

6. V/hat pidce woiild you expect tho retail store to charge for the trivet tray set? 

Narae of consumer 

Address 

Phone Humber 



22 
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CRXnCAIi PATH FOR HOMIHS SBQIOinCK 



1* Solvent lath * a31ow the pcirts to aoalc in the solution fbr thxee (5) isinutes 
(two (2) ports of hydrochloric ecld to ten (10) perti of mter) 

2. Vamt mter rinse - renore parte Am solvent bath and rinse in clear wterj 
for l>est resuLte* vater should ^ running 

5* !>ry parte » remove the parts frm the rinse and hang* them In ftont of an air 
source^ or all parts can be placed in an oven at lov ta^pexmture 

4. Applying primer * once the parts are inspeoted^ apply the printer as the in- 
structor demcKtistratsd 

5. Dry « after the parts axe priitted* they should be placed in an orsn at lov 
tcmpexatuie or londer a fan vhere a ll|^t volxne of wan air vill pass over 
them 

6. Inspect and store * ^)hen the parts are dry they should be inspected for 
flaws and stored 



50PPLIE3 iMP ECPIIWBtW? 



Supplies! Tm larga cccitalnsrs to hold five handles and five feet for the 
trivets plw fii^ small and large trivet bases 
rwo 8 ounce sprsy cans of primer 
Sheet metal parts for triTst eets 
One quart of hydrochlorio aoid 
^0 sallone of water 
One amall fsn or ovsn for drying parts 



Notet You may choose to spot weld the aetal coiii(ponsnts rather than riveting then 
together* Should you decide to spot weldt this prooess iiust be comiileted 
prior to the priming operation* 



23 
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FUHCEASE 

PRODUCTIVE ENTERPRISE POR BDDCAa?IQK NEB3)$ IMCORPaRATED 
Purchaser Datft 



Address ^^lonft 

street city * state sip code 

^r*|l*^'^ — ~ 



part name 


Stock no* 


Quantity 


Price 


Trivet set 


521*001 






— 

Trivet tray A 


■ 

521*002 






Trivet tray B 


521-005 






Trivet tray C 


* 

521-004 















Teims: Cash order C.O.D. 

Salesman 

Delivery date 



Signature of Purchaser 

15 
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COORSSI HA.T£AIALS AND FBOCfiSSES 



TOnC OUTLINE 



PERFORHANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



XESOURCES 



TTnlt II - 



ClasaificA- 

tion of 
Hsterials 



I. Hetala 



IX. Physical Pro- 
perties of 
Metal 
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studatxt vill be able to explain 
a materiale claeslf ication system 
and ite purpose* 

The Btudent vill be able to define 
the f ollovinff generic nateriala 
titles: 

HetalB (Fezroiftt and lOD-ferzoue) 
(2) Hoo^talff (Oxi^nloe end In- 
or«ulos) 



l!he student will be able to do the 
foUovingt 

(1) Dleaoae extxaction and refining 
pxactlcee 

(2) mfferentiate ferrous and non** 
ferxvus 

O) Differentiate elements and alloya 

(4) Deeorlbe dietinsoiahinff paxa<* 
flitoters of natals 

(5) Discuss aetal identification 
procedure 

VtiB student vill be able to discuss 
the physical properties of metal as 
to ita th^rinl conductivity, na^ 
netisB, theznal expansion, and cold 
voxkinff* 



Discttssion^emonstration* From a list 
of material captions and definitione 
the student vill make a display bhart 
depictlnff the system of materials 
classification* Vhe display chart vill 
be of heairy colored paper and vill be 
placed in the student notebcCk* 

See Appendix II for list of material 
captions and a classification aystem 
for metals* Handouts ahoiald be made 
vith materials in appendix vhenever 
needed* 

Disoussioa^demonstration* The student 
vill correctly label aix metal coupons 
by subjectin; them to Tisual| veic^t| 
mo^ieticf bend, and sjiazk teste* 

see Appendix XX for a classificati<m 
chart and a reading on identification 
of metals* 



DiscussianHderonstration* Vhen giTen 
the reqjoired materi^s, tools, and 
equipment, the student viH success* 
fully complete four erperimentst (I) 
thermal conductivity, (2) magnetic 
properties, (?) thermal ^cpaneion, and 
(4) cold woi^ng and annealing* 

In Appendix II there is a reading on 
the properties of metal, a list of 
supplies and equipment needed for the 
escperlment, and a written form of Hxb 



See Appendix JX* 
P* 3<^-51 



See Appendix IX- 

p. 32-33 

(5) 



See Ippendix H* 

34-42 
5) p, 18-24 



16 



17 



TOPIC OOTLINE 



PERFQRM/UVCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOtntCES 



III* Alumlntm 



IV* Iron and Steel 



to 

<3 



T* Lxtmber 

Technoloejr 




student will be able to explain 
how aluzoinuB is producedf its 
alloys and outstanding qxialities 



The student will be able to do the 
followingi 

(1) Discuss the production and 
working qualities o£ iron* steel* 
and steel alloyw 

(2) Explain the Tour or Tlve digit 
coding system of SAB and ALSI 

(5) Discuss effect of alloying 

elements in alloy steels 
(4) Discuss heat treatment of steel 

The student will be able to discuss 
the following things about lumber 
technologyi 

(1) Characteristics of woods com-* 
pared to other comnon materials 
such as metals t cancxetef and 

plastics* 

(2) Forest conservation and signi* 

f icanoe of trees 

Logglzi^ 

Lumber manufacture 

Haoufacture of eheet products 

purchasing lumber 



Discussion^emonstration^ Teacher may 
have students write a short paper on 
aluminum* 

See Appendix II for a reading on 
aluminum* 

Discussion-demonstration* 

See Appendix II for reading entitled 
*'SAE and ALSI System of Steel Classi- 
fication*'* 



Discuss ion^demonstration* The students 

will do the folloiflngt 

(1) Compute area and board feet for 

dimension lumber and sheet 

material* 

Construct a sample of plywood* 
Press out hardboard and ^Murticle 
board samples* 

Mount samples. on display plaque » 
label t axid place into noteboofef 



(4) 



See Appendix II for reading an 

^technology*** 



^Lumber 



Suppliesi Sawdust 

Wood chips 

lEhermosetting adhesive (iirea 
or resorclnol) 
Wood veneer 

Display plaque Tormat of 



See Appendix H* 

P; 43 
(5) p. 20 



See Appendix II* 
p* 44 

(3) P. ie-24 



See Appendix H- 

. 45-47 

10) p* 78-188 

11) P* 1-79 



COURSSt WITERIALS AND PROCESSES 



TOPIC OUTLINE 



P£RFORHANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOUBCES 



YI* Identification 
of Woods and 
Trees 



to 

00 



VIII* IJidustrial 
F&per 



ERLC 



Th» etudent will be able to explain 
-Ute follovin^ thin«& about idmtifi* 
cation of woods and trees; 

fPwo main types of woods 

Charactsrlstlcs of trees and 
leaves vhi<^ aid identification 
poxposes 

Specific iddntif>lne character- 
istics of 

(a) Hardwooda (open or close 
gx^lUf color of heartwood 
and sap wood^ design of grain 
pattern^ density and hardness) 

(b) Softwoods 



(3) 



Th.e 



student will be able to discuss 
fcllcwin^r things about papers 
Its definition 
Ty^B of paper 
Sow paper is made 
Materials used 
Processes of malring paper 
Conservation of paper 
The ptcocess of taakLng paper 1;^ 
hand 



The student will be able to discuss 
the following things about Industrial 
papers 

1) Its identification 

2; FOnds 

3) Ebcan^es of 



.heavy paper 
Pelt tip pens 
White polyviiqrl ^ue 

Equipoentt Laminating press 
Siscussion-deiBonstratlon* The studmt 

is tc prepare, mount ^ and l«tb#l four 

hardwoods and four softwoods on two heavy 

paper display plagues* lliese pXaq^ues 
will be placed in the student notebook* 

See Appendix II for reading on **Id6ntl** 
fioatlon of woods*** 



Slscussion-demcmstration* The students 
will make a piece of fine paper by hand* 

See Appendix II for locre infoxination on 
paper j&aJcing* 



Hscusslon^demonstxation* The students 
will construct a S" x 12** piece of papeiv 
bcard by glueing together of liners and 
a corrugated center* It is to be used 
in the following lesson* 



See Appendix II« 

48-50 

188 

79 



P. 48-50 

ho) p. 77-1 
(11) p* w; 



See Appendix II« 
• 51-53 
18) 

(4) Ch» 13 



See Appendix IX- 
P. 54-56 
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TOPIC OtrTLlHB 


PBRFORMWCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RBSOUnCES 






(4) The Assembly of ooxrugated boaxd 


Supi>llest iixsBipleB of Industrial paper 
products 

Paper liner and corrugated 
paper 

White polyvinyl glue 


See Appiodlx 11* 

p. 57 




XX* ladiiB trial 

Paper Packaging 


The student will ^ al>le to list 
the f ollowine steps for building a 
package from paperboaxdt (1) layout* 
(2) prlntlnr, (3) cutting* U) 
seeding* (?) cofttlngt and (&) 
folding* 


Disoruasianr-denofistratian* Glwn the 
necessary tools* specifications* aiid a 
product to be packaged* the etndent will 
layout and cut out a box that Hts the 
packaged article within 1/8 Inch on 
all sides* 






CD 1 




Suppliest Tic-tac*toe package 
Paperboard 
Layout tools 
Bmot blades 
Scissors 

SaxTow roller (for scoring) 
Tftlt tip iwns 

Coating system (pressurized 

can Of Clear aezylic f Iniith) 
See Appendix II for atudeat activity 

cn eonstructioa of a package* 






X, Paekai^ Testing 
and Cost 


The student will be able to explain 
the testing of a package and cal- 
culating its cost 


DiSQassidHdemonstratiOQ* The student 
will paxf ozm bnorst str^igUi tests on 
paper and calculate the cost of the box 
constructed earlier* 

Sup3plieas ItcHB to be tested 

Price lists for building 

Sqiilpneatt Fneuofttio burst teeter 


See Appendix XX- 
p. 57 


EMC 








1 " 

1 



C0UHS3t l-UT^ERIALS AND PHOCESSES 



TOPIC OUTLINE 



PERFORMUfCE OSJECIIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



XI. Plastics 



CO 

o 



Composition 
of Plastics 



ERIC 



The students will be able to discuss 
the folZovinfi^ thin^rs about pZasticst 

(1) Plastics defined - a group of 
synthetic materials* composed of 

hydrocarbons having a hie^ joole- 
cuXar weight* which flow at some 
sta£e in their development into 
products 

(2) Historical development of thermo- 
plastics and thermoseta 

(a) fChermoplastics 

(b) Thermoseta 

(3) World Var XI developments 
(4; Present status 

(5) Unique characteristics of plas- 
tics as compared to non-plastics 
materials such asi wood* metals* 
stone* and ceramics 

(6) Vniqjue characteristics of thermo- 
sets as coa^>ared to thermoplastici 

(7) tfeique chaisacterlstlcs of thermo- 
plastics as co9jrpared to thermo- 
sets 

(s) The workiji^ properties of theinto- 

plastics and thenaosets 

^e student will be able to explain 
the definition and historical aspects 
of plastics} also* the raw materials 
used in inaking plastics and the 
chemical composition essential to ^1 
plastics material manufacture* 



Discussion-demonstration* The student 
will observe a teacher demonstration on 
the characteristics of thermoplastics 
(the polyvinyl worm) and thermosetting 
plastics (the polyurethane foam)* If 
class time allows* the students will 
make a few worms and foam a small poiy- 
urethane sample* 

Supplies: Polyvinyl worm kit 
Disposable cups 
Tongue depressors for 
stirring 

Polyurethane foam* Components 
*^A*^ and 

Solvents* lao^uer thinner* 
and cychlohexanone 

I^tdpmentt Hot plate 

Soldering gun 



(20) p* 9-32 
(17) Ch, It 2t 5 
(7) Ch* 1-5 



Discussion-demons txat ion* The students 
will do the followingi 

(1) Indicate orally the four elements 
which make up the definition of 
plastics materials* 

(2) Describe the thermoplastic charac* 

teristicd* 
(?) Describe thermosetting plastics 

characteristics « 
(4) Describe orally the significance of 

the historical dates of 1868 and 



[20) p* 9-32 
[17) Oh* 1* 2* 3 
(7) Ch* 1-5 
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TOPIC OUTLINE 


PERF(»tMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 


XIII* Identification 
of Plastics 

CO 

r 


5fce student will be able to do the 
follovanet 

(1) Explain the specific gravity test 
by subdexjgins sajorples in water 

(2) ^cp3Lain the series of solvents 
used going throug}! the series 
with several plastics sanrples 

(3) 1>emonstxate the heat test on 
thexiDOplastics and thexmosets 
with a soXderaxifT fun 

(4) Show the burning Qharaoteristice 
of sevexaX plastics 

(3) llaiiipulate sevexal plastics 
samples to show their brittle- 
ness^ tau&mes3f etc* 

(6) Eacplain the charting procedure 

(7) Explain the dangers of working 
with solvents and open flame 

(8) Demonstrate the entire identifi- 
cation procedure with an **un-^ 
known" sample, such as polysty- 
rent and polyethylene 

(9) Check out plastics samples to the 
students 


(5) Given a list of ten materials, some 
organic and some inorganic, ^ey 
will select four which are used as 
raw materials in the making of 
plastics materials* 

(6) Given a list of ten elements, they 
will identify four elements which 
are found in many plastics materials^ 

(7) Draw a diagram of the elemental 
structure of a simple polymer* 

Discussion-demonstration* The student 
will observe the reaction of eigjit 
plastics samples as they are subjected 
to the specific gravity, solvent, heat, 
busm, and physical "propertLes tests* 
'Siey will also chart the results on a 
fovm P^^ovlded to them* 

Supplies: Bat^ food ^ars for contain-* 
ing solvents 

Solvents - water, toluene, 
butyl acetate, acetcne, and 
cyclohexanone 

Tneezexs fabricated txcm 
sheetmetal strips 
Plastics samples - styxene, 
ABS, acrylic, nylon, poly* 
ethylene, polyvinyl chloride, 
urethane foam, phenolic, and 
butyxate 

Equipment: Alcohol burners 

Electric soldering gun 

See Appendix II for (I) identifioation 
chart, (2) reading on identification 
procedure* 


See Appendix 
p* 3&^60 
(20) p* 9-32 
(17) Ch* 1, 2, 3 
(7) Ch* 1*5 



COTJRSSt MAi?EIU:ALS Ai!D PKOCESSES 



TOPIC OUTLINE 


PERFORMAWCE OBJECTIVES 


SV^Sm) ACTIVITIES 


1 

RESOURCES 


XIV. Textiles and 
Construction 

CC 

to 

X7. Rubber 
O 


The student will be able to define 
1 the meaning of the followingr textile 
terms* (l) filaments^ (2) mono* 
rilament^ (5) multifilament » (4) 
staple fibers* (5)filament tow» 

denierj (?) orimp. (8) weav6» 
(9) toiit» (lO)-3srn» (11) siting, 
and (12) finish, 

The student will be able to describe 
the characteristics of and uses for 
textiles* 

The student will be able to discuss 
the following thin^^ about rubbert 

(1) Definition of rubber an organic 
material characterized its 
higji coefficient of friction^ 
flexibility^ elastomeric and 
dielectric qualities 

(2) Dtetque properties of rubber as 
ccMnpared to other materials^ such 
as woody metalsy cexamics» and 
plastics 

(3) The development of rubber as an 
industrial material 

(a) Discovery of natural rubber 


Discussion-demonstration* Students 

will cut cloth samples » mount them on a 
display plaque and label their 
characteristics* 

Supplies* Fabric remnants - felt; poly- 
ester double knitt muslin; 
cr^pe fiber ^ass; sin£le» 
double » and woven roving 
weaves; burlapt and tiddLn^ 
!Pextile and fabric construe* 
tion display plague 
A variety of textile products 
Two inch square metal template 
Scissors 

Steel rule die (optional) 

Equipment: Press for steel rule die 

See Appendix II for student activity on 
"Textiles and Fabric Construction^ and 
a textile chart* 

Discussi<m*demonstration* student 
will take samples of different types of 
rubber » mount them on a display plaque » 
and label their characteristics* 

Supplies* Heavy poster board display 
plaque format 
Rubber cement 

Rubber sanmles wi>th an area 
of li>' x: l|" 

k 

1* Heoprene — opm cell 

2« Neoprene - close cell 

3* Natural £um 


See Appendix II*- 

¥* 61-63 

19) 

3 

(6) 



ERIC 



23 



'JCOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



XVI. Rubber Tires 



(t) Development of synthetic 
rubbers 



The student will te atle to explain 
the prominence of rubber in trans- 
portation tires and the system of 
tire manufacture* 



CO 
CO 



4* Silicone 

5* Cold recap tread 

6# Adhesive for cold recap 

7* Hot recap rubber 

Discussion-demonstration* Student 
activity as follows: 

(1) The student will roufi^i cut material, 
1** X 4" and 2*' X 4« , for wood bass 
of shoe* 

(2) The student will then laminate the 
two pieces together* 

The student will rou^ cut rubber 
sole material to shape on handsaw* 
(4) The student will cut vinyl upper 

material to rou^ shape with 

scissors viB±tiS a metal template as 

a guide* 

Supplies: Two 1** x 4** x 12" and two 

2** X 4** X 12*» fir or epruce 

Wood clamps 

Glue 

Scissors 

Ketal roTiehine teniplate for 
supported vinyl 
Supported vinyl 

Bquipinent* Hadial aim saw 
Band saw 

See Appendix II for information on the 
wooden clogs* 



See Appendix II* 
64*65 
21) 



couHSE: ii/iT3.mLs a:;d processes 









1 


TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 


XVTI* Materials with 
Rubberlike 
Characteristics 


The Student will be able to discu&s 
J the elastomeric qualities of leather 
and supported vinyl 


Disc usslon«demonst rat ion* The student 
will hand sand the wooden clog body to 
a smooth surface^ ftpply a finish^ and 
tailor the supported vinyl upper of the 
clog* 

Supplies: Abrasive papers 

Finish (fash drying^ hand 
applied, i*e* Deft) 
jjrusn 

Supported vinyl 
Hetal templates 
Scissors 


(6) i 

1 

1 


X7III* Recapping 
Tires 


The student will be able to eX3>laln 
the procedure of recapping* 
(l) Processes 

(a) Hot recapping 

(b) Cold' recapping 


Discussion^demonstration* The students 
will recite the names and description of 
the two recapping processes and they will 
continue working on clogo* The wooden 
body will be sculptured and the rubber 
tread will be adhered* 


(6) 


CO 




Supplies: Wood laminations 
Contact cement 
Brush 

Recap tread, 1o/32'* (See 
, Appendix lesson 55 for 
vendor) 

Equipment* Band Saw 

])isc Sander 

Drum Sander or drill press 


■ 

1 


XIX « V-til cani. ztns 


The student will be able to do the 

following: 

CO Define vulcanisation 
C2) Discuss the need for sulfur 
(3) Describe the process of vulcanisa- 
tion 


Discuss ion- demonstration* The student 
V/XJ.J. oDserve a aemonsXraxion 0^ ruooer 
vulcanization and will assemble the 
supported vinyl upper to the clog base* 


(6) 
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TOPIC OUTLINE 



PERFORMAIJCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOUKCES 



^* Rock and Stone 



00 



Ceramics 



(aj Load raw rubber into a metal 
mold 

(b; Apply pressure and heat Tor 
a epecified amount of time 

(cj Cool mold and remove vul- 
canized part 



'She student will be able to define 
the followin^t 

(1) Rock * a concretion of earthy or 

mineral matter of inorganic 
compoeltion 

(2) Stone - small weathered rock 
fragments or those portions of 
rocks which are shaped for 
buildings 

The student will be able to identify 
the stonest granite^ sandstone^ 
limestone^ shale, slate^ and marble* 
He will also be able to discuss 
their properties* 



7he student will be able to discuss 
the follov/ing: 

(1) Itefinition of clay 

(2) TTnique properties of ceramics 



Supplies! Tacks 

Hot recap rubber (See Appendix 
' By Lesson 34 for vendor) 
Supported vinyl (tailored^ 
Metal mold lor rubber 
vulcanisation 

Equipment t Laminating press with heated 
platens 

Discussion-demonstration* (Che student 
will produce a atone identification 
plaque which includes six atones and a 

listing of their chaxacteristica* fPhe 
stones will be packaged in place with a 
clear acetate Ijlister* 

Suppliest One stone of each kindt 
^ Sandstone Slate 

Granite Marble 
Limestone Shale 
Clear acetate for the 
blister package 
Heavy paper plaque format 

Equipment: Chipping hammers 
(Dumbler 
Sandblaster 

See Appendix H for example of "Rock 
Identif icaticm Plaque" and a reading 
On "Rock and Stone", 

Disciission<*demOnstration* Student 
activities are as followst 
(1) (Che student will differentiate the 
terms "clay" and "ceramic". 



See Appendix ll-< 
p, 66*69 



(5) 



ERIC 



COURSE: WlTESlIiLIiS AKS PROCESSES 



TOPIC OUTLINE 



FERFORMWCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



XXIX. Glass 



CO 



ERIC 



Si 



InduBtrial uses 
TJypes of clay 
5) Pixinfi 



of cexBmics 



student will l>e able to discuss 
following things about ^Lasst 
Jtefinition of glass 
Materials used to make glass 
Properties of various types of 
glasses B^judh ast quartz^ soda* 
lijDe glasi:. and borcsilicate 
glass 

Glass processing methods 
Procedure of cutting glass 



(2) The student will identify in writing 
the nanes of at least six ceraaic 
products* 

(?) fChe stud^t will describe the unique 
properties of ceramio materials as 
compared to other materials such as 
metals^ plastics^ woods^ and rubbers* 

(4) The student will match the names of 
at least three types of clays with a 
description of their common uses* 

Siscussion-demonstration* Student 
activities followst 

(1) The student will identify at least 
six of the ten chemicals used in 
^Lass* 

(2) The student will choose the correct 
definiticm of ^ss tvcm a list of 
four alternatives* 

(3) The student will match the descrip- 
tions of glasses with theix coxxes* 
ponding names for the following 
three types: 

^a) quartz^ (b) soda^lime glass^ and 

(c) borcsilicate glass* 

(4) Given only two attempts* the student 
will cut a piece of glass by using 

a glass cutter and steel rod* 

(5) The student will recall orally the 
sequential steps required to form 
glass* 

Supplies! 5/32?* lime glftss 
Glass cutter 
JLbrasive paper 
Variety of ^ass products 

See Appendix H for a reading on gLass* 



See Ippendlx XI- 
P* 70-71 
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TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



XXIII • Cement and 
Concrete 



CO 



Mxing arid 

Testing? 

Concrete 



XXV* Concrete 

Reinforcement 



student will be able to define 
Portland cement and discuss the 
following things about itt 
h) Properties 

(2j Kow Portland cement is made 
(3) Types of Portland cement 

The student will be able to define 
concrete and discuss the following 
things about itt 

(1) How concrete becomee ** cured*' 

(2) How to determine the strength 
of concrete 



the student will be able to discuss 
the following things about pro- 
cessing concretej 



(2; 
It] 



i)esigning the concrete mix 
U'esting the concrete mix 
Forming concrete into test 
specimens 
Curing concrete 
Testing cm?ed concrete 



The student will be able to identify 
the following types of reinforcements; 
Bars 

Welded wire mesh 



Siscuesion^d^onstration* Students axe 
to separate mixed agsgregate by using 
1/4"* 1/2" and 3/4- riddles Into fine 
and coarse a.ggreeate* 

Supplies* Mixed aggregpite 
1/4" riddle 
1/2" riddle 
3/4'* riddle 

Canvas tarpattlin (optional) 
^ gallon buckets for aggre- 
gate storage 

Pictures of concrete pro- 
ducts (optional) 

Siscussion-deiDonstration* Students 
will mix concrete and slum^p test the 
mix* Alsoy they will cast four test 
beams with various reinforcement and 
two test cylinders from concrete used 
in the slump test* 
Supplies: Water Sand 

Aggregate Ceraent 

Slump test form 

4 test beam molds 

2 test cylinder ©olds 

3/3** reinforcement steel bar 

EquipDientt Concrete mixing equipment 
Discussion-demonstration* 



(8) p* 25-79 



(8) p* 25-79 



(8) p* 25-79 



wit; 

[I] 



The student vill be able to e^^lain 
the care and installation of 
reinforcing materials* 



COOHSE: MATERIALS AND 7R0CESSBS 



TOPIC OUTLINE 



PERFOBMUICE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOUItCES 



XX7I. Flastera 



XXVII. Plaater 
Pattern 
Making 



CO 

00 



ERIC 



The student will be able to diaouBS 
itxB follovtnf things about plasteri 
J1> definition 

^2) Properties of otmd plaster 

.3) Mixing prooediureB 

^4) Sfaaplnff plaster 

^3) TKTtinff agents reqidred on 

porous surfaces 
(6^ Ifejor types of plaster 
(7) Xajor uses for plaster 

^e student will able to explain 
the following things about plaster 
pattexn making 

il) J^arting agent for porous surface 

(2) Mixing plaster 

(3) Taking a plaster splash 



DiscussloQ-deiiionstration* After ob- 
serving the instructor taking a plaster 
splashy the student will prepare a smal 
wood and clay pattern* A plaster splash 
will be taken Jtcom the pattern on a 
later date* 

See Appendix II for a small wood and 
clay pattexn* 



Discudsion-demonstzatlon* Students 
will ocHaplete wood*olay pattern and 
will take a piaster qplash of sane* 
*VbB splash will be used as a foundxx 
patteftn in a later lesson* 



See Aiq;>endix II- 



Supplies t 



Plastio oontainers 

White plaster 

Bydrocal plaster 

Zeap 

Shellac 

Alcohol 

Lacquer 

2** Bhellac brush 
Petroleum jelly 
Masking tape 
Modeling clay 

3/4** X 10" X fir plywood 
for pattern base 
Wiping 



Bauipmentt Water sink with plaster trap 
Spray i>ooth and spray gun 
Aieiamtic drill motor for 
stirring plaster 



28 



CIASSmCATiaN OP MWERIAIS 



39 
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CUSSIKICATIOW SySl'JiM VOR msmALS 



Metals 



Ferrous 



Iron Steel 



Non-Ferroxis 



Alloys 
Alimtnum 



Elements 



Zinc 

MagnesiiM Copper 
Braaa Nickel 
Solder Chromim 
Tin 



Mon-Met&ls 
■ r 



QrWPiGS 



I- 



Vood 

Paper 

Leather 



Plastics 

Rubber 

Textiles 



Inoraanics 



Bock & Stone 

Clay 

Glaee 

Concrete 

Plaster 



5» 

40 ^ 



name: 



CLASSmCATIOK OP ltt1!EElIALS 



?rom the list of material captions and definitions given below, you are to 
construct a diaplay chart depicting the ^stem of materiala olassifioation dis* 
cussed your instructort fflie display ohaart will be on heavy colored paper and 
will be placed in your notebook* Tou will need ecissors and transparent tape. 



ALLOYS 



JBLEKENTS 



CO 



Iron 



Steel 



I 



Aluminum 

Hagnesium 

Brass 

Solder 



Rock & Stone 

Clay 

Grlass 

Concrete 

Plaster 



CO 



Wood 

Bap«r 

Leather 

Plastioa 

Itabliftr 



Derived from plant and animal lif& 
(contains large ankounts of carbon) 



Materials derived from earthy substances dhsrmcterised by their luster* good 
tlectrical and heat conductivity, and heat fusibility* 

Ciwposed of mtter having no appreciable aoounte of carboni henoe, these 
mterials are ohemically Inert* 

41 

51 




HAMS 



Oxidation^ 
Reduction' 



CIASSIPICATION OP HETAIS 

1 ^ *Space 



Earth' 

s 

s 



I 

sea 
I 
I 



Electrolytic 
Reduatioti 



Heat 
Recorcry 



CWmical 
lieachio^ 



Cap1f Iron 

Vhite 
Gmy 

Halleable 



Perajous 
Iron (Fe) 
St^el 
(Carton + Alloy) 



tfrou^t 



n 

i]giaTiFicAa?iow ' 

1 

I 

Color 



Alloys 

HAlumlnum 

Brass 

Bronse 

Solder 



tments 



Element: 



Almlnm 
Coptper 
Sine 
Tin 
Lead 



Masnesitm 
Miokel 
Chrome 
Ifercury 



Silveriah 


1 
1 

Fhrsioal State 


Heddisl!, Yellow 


Solid 


WeiAit 


Lii^uid 




t 

HajDietlsm 


Heavy 


Magnetic 




Non<*N&ignetic 




PROPEaCPIES (PSrSICAl) 
i 

Thenikal Conductivity 










1 

Electrical Coaductivity 


Low 


Good 


1 

KeltiniT Point 


Pocfcr 




1 
t 

Co-efficient of Ebcransion 


Lc^ 


Hi^ 


1 

Ductility 


Low 




1 
1 

Tensile Stcen/tth 


LoV 




Hasoonee to Cheotical Afcents 


Low 
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lEEOTIPICATION OP METALS 



and dc^l'S^p^Sie: or'SS^li?.**?' labo^tory by o^se^ne their mechanical 

hirf, ^**JLf T differentiating among mtal pieces of low carbon steel 

high carbon steel, aluminutn. brass, copper, berylliwa copper, and le^!^he fniinu* 

"^^ L%T*' ^^^'^^^ them iSto two ^s 0) suCe^ id f 2)" 

Z^t''' "^^^^ ^'^'^'^ copp^alloya of^sfL 

Ji^"^"^ ""f?^^^ "^3" separated into two groups by use of a peimanent 

nefinet. The magnetic metals (the ones attjActed to the loaiae?^ ^ steelf^ 
non.n»agnetic metals are aluaintan and lead. ^^^t^) are steel. The 

When the steel pieces are placed against a rotating «Tindin#r wheel 
a time, the spark, pattern given off will indicate the cfrS^cS?eSlf tSe «t«l« 
She low carbon steel will give off a long, d^ai red sparic patSSn^th a^^'^" 

carbon^efpiece SJ? 1^^, 






Low Carbon steel 



Hi«^ Carbon Steel 



>K * 5^ ^ non-magnetic silvery metals with your fingers you will notice 

that me bend, more easily than the other. The metal that Ws JsuJ is Sad' 
the other metal is aluminum. The lead rod is also heavier thaTaSiiSii. 

Withiii the non-silvery metals the reddish laetals are coPDer and beiylUum 
copper. The yellowish metal is brass. ^ bending the same Swee nonHuverT 
metals subtly praotically no springiness will bt obs»nred inlop?^ 
springiest „,etal is brans and the stiffeat of these three metal^ in;rymm 



MllO SPARKS Uiohl STAR 




Kl^:| EST 

T 



SFK£liMSiJWTfi Wis 
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PROPEiiTiEis OP Hems 



Thertpgl conductivity 

Heat nay ^ transferred from one region to auciother by three distinct 
methods Icnovn as coiivection^ radiation^ and cond^ustion* 

Convection is a process of heating an area ^ moving a heated laaterial into 
tbat area* The heated material gives up its heat and the 3»latlvBly cool body 
picks up heat* 

Radiation occurs when electromagnetic vaves come in oontact with material 
and are pairtly or coiirpletely absorbed and converted into heat* 

^.Vhen heat within a material^ such as a rod^ flow continuously f^rom the 
wanner to the colder region^ the process is called conduction* The anount of 
heat transf erred per set length of time througih a naterlal ly IMs method is 
called its THERMAL C<mWSIVVirr, The best thermal conductor is metallic silver 
and the beet thermal insxdatcr (poor conductor) ie a mcuum. 

Thermal conductivity of a material is very important elnce it tells some- 
thing of a molecular structure of the material, Metala» for in&tanoe^ are ele- 
ments whose atoms contain one or more loosely held elootromt faenoet thermal 
conduction takes place with relative ease. 

On the other hand^ non-metallic elements^ such a phenolic^ have atome in 
which the electxons are not loosely held. In these elements conduction of heat 
is not Idle redult of electron movement^ but is oauaed by the joetling of atoms 
and molecules»a much slower proceoa. 



I4aaietic proT^rties of metals 

The ahillty of metals or alloys to accept magnetloi are listed in one of 
three categorieaf 



Qvon though some of these metals have poor magnetic properties* they can be 
mixed with ferromagnetic metals to give different degrees of strength to the 

maf^iot. 

To maice a permanent magnet the mterial is subjected to hl^ electrical 
induction. This process is usually acocn^lished in the manufacturing process 
of metals. After this proceso is completed^ the metal will hold its magnetism 
unleos subjected to hi^^ heat^ i^slcal shocks or a Btrona demagnetizing field. 
The tempeiatxtre at which a mstgnet loses its magnetism la called the curie temperature. 



Ferromagnetic 
(good) 



BaraAignetic 

(fair) 




soft iron 

steel 

cobalt 



aluminum 
platinum 
chromium 



copper 

zinc 

gold 
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Thermal expansion of metals 

V/hen moot materials axe heated they increase in oiae* 'She inoresee in size, 
duo to a temperature increasof is called thexoal expansion* ^fhile an important 
consideration for many materials, thennal expansion is particularly important ae 
U affects metal objects all aroxuid xts* Bridges, for exajnple^ len^rthen in the 
aummor due to the temperature Increase* For this reason, th^ are often set on 
rollers to allow for the elongation vhloh takes place* 

Jlan has put thermal expansion to use for him in a numlwr of waya* For 
example, a thermometer uses the metal mercury which is very senaitiye to t«^pera- 
ture changes. The thermostats, which allov our refrigerators and hone heating 
3y3tems to operate properly, work because of thermal eacpansiiMi* 

\^en two metals having different rates of expansion are fastened togethert 
they are called a bimetal* ^^en a bimetal is heated, one Mtal will depend aore 
than the other and the unit will bend, the longer metal being on the outside curve* 

The amount of linear erpansioQ of materials is eD^pressed in a number called 
the coefficimt of thermal expansi^, which is the factional increase in length 
for a temperature rise of one degree* For exanrplSf 0*000022 is the coefficient 
of thermal expansion for aluminum as is shown %^ the chart below* This means 
that if a one foot length of aluminum is heated one degree centigrade, it will 
lengthen by 0*00002 feet* If the temperature goes up two degrees, it will 
lengthen ^ twice the amount* 



1*he effects of cold working and annealing metals 

Cold working is the mechanical dsfomation of a metal at low temparaturest 
usually^ room tem(perature* Cold working metal will change the mechanical pro- 
perties of the metalt usually hardening the aetal^ The metal can be re*-softened 
by a heat treating process called annealing* Wire drawing is a oommon cold work- 
ing operation used in industry* Drawing hardens and stifftna 9*tals» Huy times 
annealing must be used to soften the metal so that the dxmidng eperati<m oaa "be 
continued* 



COrrnClCKTS of THCWtAt FJCFAHSICKI (llne«r> 



M.*5J1 

i«*d 

a«ld«r (50-50) 
*laMtiiatt 

VAtylltcn copper 

Mm*l 

low carbofl •t««l 
htth c*rb«4) »t««l 



,000429 
^000023 
,000022 
,000020 
4OOOOU 
,000017 
.QOOOU 
.000012 
4OOOOIO 



* loChw of alootitloft fi>r inch of leolth Prr dear** rent Urad* 
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Heasuriiuar the ten^iatur^ of metals 

neastorlnj; the ten^ratxire of utetal la an Integral part of heat txeatnienti 
Two quick and Inexpenalire aethoda ^ used* The nrst method^ allovinff ap^ 
proximate temperatuxee <mlyt is the oolor cfaartf ^ihioh is used ooarparlng tbe 
color of the heated speciioen with the oolor on the oharti 

The second method Tor measuring tenpentures or heated metal is -Uia uge of 
teinpil pellets* These pellets axe Mde oT a material Whioh mlts and oatises et 
smear of hot metal at Indicated ieiq>n&tiires* If Hie pellet does not tfMwr on 
the speoiment it is knom that the temperature la lower than that mulnd on the 
pellet package* \/hea the pellet does sneart It la known that the teqpwatuM 
is the eaoe as* or hiii^r than* the temperature marked on tiie tmpll pejllet 
package! 

Neither of the above methods is used <m a wide scale in industry* Hathert 
most widely used Tor tenperature measoremsnt axe the thernocouple and the 
optical pyrometer* six measurement qratems are: 

1. Color chart « Visual comparison or matching of color in a heated woxklne 
steel to a printed color 6hart of tempexatures 

Colors Tor tempering Colors for twging 



Ilah3cenheit 


qplgr 


Tool 






450 


Tellow 


Lathe tools 


875 


Blaok red 


4?0 


Straw 


Punch-drills 


975 


hcM red 


500 


Brovm 


Ajces-wood chisel 


1450 


Ohtrry red 


540 


Purple 


Cold chisels 


2000 


Laaon yellow 


5?0 


31ue 


Screw drivers 


25O0 


\<mite 



2. Tempil pellets 




or orayon - ^ 
Visual inspection reaction of a IV 
predetermined melting: material reaction 
as it is applied to the surface of the vorldns 
metal 



J 



Motal thermometer - A device that uses the printeiple scale 
of expansion of metals* The reaction of a bimetal >''7^'**cr or *t) 

ooil causes a pointer on a calibrated scale to 0lve 
a reading of temperature* 




f pointer 
actuated 

by coil 

4^ bimetal 
^ coll 
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4* Thermograph " This device combines the nfttal thexnometer and a 
recordinff device to give a coaatant printed raadout 



I 




5, Pyrometer - A pyroraeter i© a darice ualnff tha principla that 
an electric current is gmerated In a thexmooouple (ttfO dla- 
ciriior iaeta]o velded together) as it inoreaaaa taapaxatutt 
and thust gives a readout on a niilliTolt»at«r 



6, Optical Pyrometer - An optical pyroaeter is a aensotx derloe 
that registers the degree of briglitness of the oolor apaotnvi 
in metal as it reacts to heat. 



REFLECTED 
T EMPER COIORS 

Ml 



RADIATED HOT BOOT COLOKS 



^ ** 60 5 *> 

nifli N 



500 



I 



I I « ' I I I 



lOOO 



1500 



1 



■ I ' 

2000 



2500 
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SUPPLIES AND BQUIPHENT 



Supplies: 4 inch l^i^hs of ^/&^ brass^ alminum* stMlv lad ^^olic xod 
Candle or beeswax 
Alcohol burner 
Ilagnetising coil 
4 inch "C" clamp 
One pound tinners rivets 
'x'henaal conductivity testing structure 
Magnetic properties kit 
Monel strip 

20-28 gauge x ^' x 5" mild steel and brass strips 

Band lever hole punch 

Micrometer 

,080" - •100" soft copper wire 
V/ire drawing die 
Ball peen hamier 

diameter x 2" aluminum and low carbon steel 

Equipment ; Soldering furnace or torch for atmealtng 
Machinist vise 



er|c 



48 

38 



MiGMETIC PROPEKHES OP MEPAtS 





Magnetic properties kit 



Experiipftnt #1 

Ifsln^ samples of different metalB provided in the classi take a peimnent 
magnet and see ^itiich metals have mac;netie propertlea, list the metals under 
the three terms used to classify netailff as to their ahilitjr to be maenetiaed* 

Experiment #2 

Using a i^xmanent nia^et» pick up as nany thmbtaokB as the magnet will 
hold* Homove the thuml^tacks and strike the magnet aharply with a hawiar* Sow 
try and pick up the same nwber of thuoihtackst Can they all be picked up? 
Why? You ukay remagnetize the bar of steel with an eleotrical coil and a 
direct current source # 

Experiment 45 

Clamp a Monel strip to a table and place a button magnet abotrt w inch 
from the endt Vsing an alcohol bumer» heat the Honel strip # fChe button 
magnet will move away from the heatt This is because the curie temperature 
is about 150 P and Honel will lose its magnetic properties. 
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HIYSICAL mOVSmSS OP MEPAIS 
THERHiL CONDOCnVITy 



!J:3cperini^nt Instroctione 

Set ™ ihe experiment as ijidicatad belw using brass, alminum, low cartwn 
:ftecl« and phenolic rod* Reocnrd and cooafpars your results on «ach* Check to b« 
sure that the rod lenffths and diameters are the sane to insoxe noourate results 

during the expertm^t* 

Cut all rods to four inch lengths and soiape some oandle wax (or suitable 
substitute) on the end of each rod* Insert the other end of tiie rod Into the 
wire holder* dtart heating^ the rod and detexsine the time it takes to Mlt the 
wa:: ^^or each rod* You will need a watch with a. sweep eeoond-handi These time 
lAll be used in comparing the thermal conduotivltj of the differtnt rods* Siaoe 
wax melts at a specified temperature and sinoe the wax on ooe rod Mlts in lees 
time tlian on another, it can be stated that heat was owjdueted «o» repidly ' 
through that rod* Therefore* we can cmdiide t^t its thexaal cteductiTltjr 
is greater* 



ilOTBt Record the time required to melt 
the wax for each of the four rode* 






ALUMINDM 




FHBNCUC 
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TinRTIAIi EXPANSION OP METALS 



Eaoneriroent #1 * Bimetals 

Cut two 20-28 ciauge x l/2*' x 5" metal strips—one of steel and the other of 
brass* J^sten toeethor ^dth fouTt one pound tijinera riTets* 




Hold the bimetal with pliers and heat it over the aloobol burner* 

In which direction does the strip bend? 

V/hich metal e^tpanded the greatest amount? 

Cool the bimetallic strip in cold water* What is the dlrtoticn of bending 



;/hat do you thinl: would happen if the bimetal vas cooled to »ub-f reeling t«q>exm*' 

ttircs? ^ 

Experintent jS^2 ■> Th&nnal expansion 

Cut off a 2 inch section of 1/4** steel rod* Measure the exact length of 
the rod with a micrometer and record below* Heat tiie rod alonff its iVill length 

for a few seconds with the alochol 
burner* Qno« m^aint use the mloro* 
meter to meaaum the length of the 
rod and reoord the oeaeurenent* 
Txooi ytm reoordiBgSt notice the 
differences in aeaouremnta* 

Somo [netals lenfrthen inore than others* Repeat the aboTe e^qperlnent with 
a ^f^ct'on of aluminum and record the measuieoents* 







LOtf CARBON S!1!EBL 


Hootn temperature 


— , 1 




Heated with aloohol bxLcner 
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Eyporimont ^1 * Cold working tor hftimarinfl 

ISake a copper wire (S'* * 8", ,080* • ,10(^ dlwMter) and haiwdr cna 01^ 
the rod flat* Check the cQvparatlve atreoffth of ^ hanared end rtimu the 
ref^tlar end tryin«r to bend each end of the rod fegr liaad. The hainit end 
shoitld be mere difflcrult to bend. 



Experiment #2 » Annealing 

U^e the copper rod prepwed in e^cperiaent #1, Heat the hanaexed •»& of 
th.7 rod to approximately 600^, After cooling in mttr, trjr the saw teat 
ttsed previotisly* Hov doea the etifftaaea oeogpara? Tt^ aimealins proeaaa will 
have softened the rod after the cold workings haa hardeoad it* 



ExperiiBTOt #3 * Cold woifciiig by drawijnir wire 

Cut off two piecee of •059 copper wi» about aix Inchea lon^* Mle a 
taper on one rod ao that it goea ihrou|jli the lar^it hole in the draw ^te* 
Using pliera and oiling the rod befbra each dxtvin^i poll Mb» cod thxora^i the 
largest hole* Sy bending^ coaxpar^ the atiftaaaa to other pleoa of vBudravn 
copper wire. Anneal (heating to approxliiateXy 600*r) the ]^aoe of oopptv wire 
th^t^^^had been drawn throu^ the next holat ooaparo th« two wirea ti^ bendlac* 
Which has more resietanoe to banding Why? OH the aaaa wire and draw It 
throue^ the next hde* Sy bendinfft oospaxe ita stiffheaa to the flrat copper 
wire; one sle^t expect the thinner wire to bend aora aaally* Doea it? 
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ALUMIMUM CTASSIHCATIOII 



alueimm Industries have adopted a vniform system to Identify the 
vaxlo^e types of aluminum* This aystem will be Ixriefly eacploined below; 

Cotamon aluminum alloys aret 

1100 3005 

2014 2017 

2024 4052 

4043 5052 

6055 5056 

60£1 6066 
7075 



Firot digit pxplanation 

1 XXI - Non-alloyed alxnninum 

2 XXX - Copper base 

5 xxx - llanganese base 

4 :c3ac - Silicon base 

5 xyo{~ Ila^esium base 

6 XXX - Magnesium and silicon base 

7 XXX - Zinc base 

The seoOTd digit of the series simply shows some control or modification 
that was used in the production of the aluminum* This number is of importance 
larfTSly to the producer* 

l-he last two di£;its of Group 1 indicate the degree of aluminum purity which 
is expressed in hundredths of 1 percent* The last two digits in other groups 
identify specific ^loys in the group* 

The hardness of heat-treatable aluminum alloys is shown by the letter "3^, 
which indicates a heat-^treatable aluniintitmt and is followed by a number* The 
number designates the kind of temper treatment that was used* 



Temper desiautions 
0 - Annealed or recxyatallized* Softest temper or vrroug^t alloy* 
P - As fabricated 
H - Cold worked 

W - The unstable condition following solution heat treatment 
T2 - Annealed* Cast products only* 
T5 - '^olut'cn rt uj-.-;a?:^^T, then cold vorked* 

- ColiiVcA h*ab t^'oatod, and naturally aged to a substantially stable condition 
T6 - Solution heat treated and artificially aged 
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SAB ana AI3i :iYOT4S OP S'pm CLASoIPICATIOJl 



The Society of AutoKiotiv^j Lng^incern (c^AE) jind the American Iron and Steel 
Institute (AIST) havG developed a claocif Ication Gystem for coding steel* 
A foiiT or five digit munbei? cipecifXcd the t;me of etec*l in the first digit, 
the percent of alloying element in tho second digit, an*l the amount of carhon 
in the third, fourth, and fifth tUgit in cases where high carbon content is 
prenent* 



SxaTiple: 

Codinfj S:<r3tem 
T'/^ti3 of Steel 

(1) Carbon 

(2) «i.ckel 

(5) Itickel -chromimn 
(l) Molybdenum 

(5) Chromium 

(6) Chrome-vanaditim 

(7) 'Pmifistcn 



2 



Nickel 



% Nickel 

i_ 



JO, 



,50?i carbon 

Common Carbon 
Steel MunKbe ra 

Mil^ steel • 10?0 

Medium carbon - 1045 and 106? 

High carbon - 1095 



CoTOon Alloy Steel If \:imber3 
;ackel - 2^50 
ilickel chromium - 5?50 
Molybdenum - 4150 
Chromium - 5150 
Chrone^vanadium * 6140 
'Pungsten - Y2dO 
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ERIC 



7ha lumber influcti^A provider functional aivl aesthetic maWriala which our 
c.irili^ation lias learnot^ to appr<?ciatff, Kie beauty and serviceability^ of woods, 
raroly matched by any other niatorial| place these mterials in hi^ esteem all 
over the worldt 3?hc vorkability of woods has made them a prize choice for the 
craftsman of many agos* In years past* the lumber industry was concerned with 
removing as much timber as possible without regard to the conservation of wild 
life^ topsoil, or future (prowth of timbert Today, however, the lumber indus- 
try is more awar<^ of the need for controlled harvesting of trees, the protec- 
tion of wild life, the prevention of forest fires* and conservation of mluable 
top soil. Tree farminfj is a systematic method of growing trees for the pro- 
duction of lunib'^r* pftper, and other wood products* Some of the lai^r lumber- 
ing and TJ?,per r>a3:lng companies own tree farms and manage them so that timber 
is grown more rapidly than it is being used* 

LOGGIUC OPERATIOHS 



Most logging operations, done by power tools and power machines* saw the 
trees neatly and quickly and power tractors tow the logs to the nearest clear* 
ing where they are loaded on large trucks for transport to saw millt Before 
bcini^ sawed into lunhsr* the logs are stored in the mill pond which prevents 
insect damage, firfif splitting, and malcos it easier to sort out and move the 
logs to the power conveyor that will carry them up to the saws* 



miCIUC LUF^BER FROM LOGS 

\<Lth huge power saws, \*iich are usually band saivs or* in some cases* a 
high pressure jet of water* tho logs are cut into timbers* planks* or boetrds* 
Linb^r ovor 4^' thick is "t3Jibe-'M lumber from 4^' to 1-?^' is "planlc^j while 
riitcrial binder 1;^* is referred to an '*board". Two methods of sawing logs are; 

a* Hrin sawing * The quickest an^l least ^7/ / 

expensive way to cut a log i s to pass £ / / / / 

it back anr] forth through the saws* f/ / / / / 

Host Softwoods are plain sawed* t/ / / / / . 



Quarter sav/in^r -* For \J / / / / / / 
iianlwoodst it has been t/// 7 / / J 
found that the grain 
pattern is more attractive 
and the lumber warp& less V4hen the log 
Is qucurter^sawedt Since there is more 
waste and it takes longer* quarter* 
sawed lumber is usmlly more expensive 
than plain sawed luiabert 
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uama sizes 



V/hcn a 2 :c is saved from a lop; it act^ially measures 2" x 4*'? but its 
surraf:e is zlill rou^ froo tho coarse sawij, Ilouever, af !;er it has been 
snoothed on its surfaces and edges, the liunb^^r is sjnaller than before* There-* 
Core, a piurohaaod 2x4 measures about 1^' x 5^'** All smoothed Imber purcliased 

r'^.rr.^c^^^ ';isri3 is actually a little undersise* A 1 x 0 boardj for example, 
measures about ^ 7^*' and a 2 x 10 plank measures about l^*' by 9^', 



'./oocl is composed of tiny calls and, when the tree is growing, these are 
filled ;ath moistvr© and sap* When the tree is cut down and sawed into lumber, 
this moi^^iLure befjins to evaporate, permitting ihe cells to shrinic* Unless this 
evaporation is carefully controlled, the liuabor will shrink \mevenly causing 
warpin/r and crackin^^* 

To prevent excessive l^farping and shrinlcing, most lumber is dried before 
bein£^ sold to customers* Lumber may be air dried, but the better lumber is , 
kiln dried* 

In the process of air drying, lumber is siniply stacked in piles with space 
between the pieces, so that air can circiilate around each piece* This takes 
several months and the drying cannot be carefully controlled* After correct 
air dr:^'^ine, the wood will have minimum moisture content of fift^ion percent* 

In the process of kiln dryin^j, the lumber is stacked in piles with 
spacers bet'./een the boards and placed in a kiln or oven in which moisture, air, 
and temperature are controlled* Properly kiln drioci wood will have less than 
tr^n r^orcent moi-stiire content* 



PUECHASHG LTH'IBER im' WOODrf^ MATi3RIALS 




The number of board f^ot \n lumbor in figur^'l b^"^ mxlLinlying the thjcknoso 
in inch'^s br -tlio -jUlth in inchcfs, timos thn lonfrth "n foot* All divided 12f 
The formula for figurinfj bonrtl feel is shoi-m beloir: 

^ board 1 ee L 

If the length, is fic^ired in Inches, th<» follovdng fomulo should be used: 

~TT 77 ~ board foet 

12 X 12 wc^^A 

rV'-^joof^, pressed uoofl, and similar material are cold by the square foott 



USES TOR WOOD 

Of the one-half million now houses built in this countxy each yoar, many 
nrc made almost entirely of \xyoi* Even houses made from other materials use , 
vfood for <JoorSf xianeling:, and trimt Heavy construction work inalces use of 
iitmhor for cement forms, scaffoldinff, bridginc, and pillnff^ Some of the finest 
lumbor is used by the f^tmiture ind\istry to manufacture millions of dollars 
:/orth of furniture each year. Less valuable lumber goes into crating vhich is 
ur,ed for packaginff and shipping, 

Besides the aUlions of collars worth of lumbor produced, wood is used to 
T^rofluce plastics and charcoal. Billions of dollars worth of paper is produced 
each year from wood pulp and wood is used to produce paints, perfum&s, ex- 
plos*.ves# antifroese, and disinfectants. 



"^ly^^oof' \s rnade by cross-bandlnfj thin pl\es of wood togethert Three or 
r,o:-, pl^'^s, al;?avs in odtl numbers of veneer, at rifjht angles to the adjacent 
TxLy provido a flat stable material vfh^ch has stren^h characteristics far 
greater than that of solrd wood, The majority of veneer used in plywood con- 
struction xs cut by a rotary process but for fin^ cabinet plywoods the veneer 
xs plain or quarter sliced, 

On{> of the great advantages of plyiirood is j.ts availability in large sheet 
foms, This reduces construction time in flooring and roofinfif dobs for example, 

flar'iboard consists of wood fibers and natural v/ood lignin whi,ch have been 
pi^esseci cnder extreme pressiures, Sav/mill residue and low quality logs, for- 
nerly ^rifastc, are used for making hardboard products* 

Liho hardboard, ^ert'cle board Is produced from sa\^ll residue and low 
"ty loj,t5, ;;ov/,":vr!'*, in thn case of particle boar^l, the materials are in 

the form of chips, Adhcsivcs and pressurea bond the* chipa into a rather stable 

and useful sheet used as a construct ^derlaynont material. 
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IDEHTIPICA'PION OP ;^OODS 



NAME 



(Hardwood) 
ASH 



SOURCE 



PKOPEECPIES 



USES 



APPEASAHCE 





VjfALnOT 



ERIC 




Eastern half of United 

Statf^s except along 

the Atlantic coastal 

plaxn^ Guir coasts 

and Florida 



tlainet westward ^.o 
eastern North Saliotr 
and c3outh\jard io 
central Florida 
and ?exas 



TTermont westviard to 
Mebranka, southwaird 
to southern Georgia 
and Texas* Cocmer** 
cial production 
located in the cen- 
tral part of this 
rango 



Heavy, strong, stiff, 

excellent fleacruxe, and 

shock resistant, 

V/eifi^itJ XhB* per 

CU* ft* 



Tool handles^ furniture, 

sporting equipment and 

atliletic equipment 



I-ioderately heavy and 
h^rd, stiff, strong, 
very stable and higji 
stock reci£:*?:ance 

VeieJit: 35 lbs* per 
cu* ft* 



Heavy, hard, strong, 
stiff, and good shock 
resistance 

Weigfitj 58 lbs* per 
cu* ft* 
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Large open pores, 

heartwood brown, 

soraetimos reddish, 

summer wood has white 

dots or lines which 
axe pores 



Pumiture, backing 
block for printing 
industry, patterns 
and flasks for metal*- 
working industry 



Close-grained, hearts 
wood li0xt to dark 
reddish brown . 



Pumiture, fiunstocks, 
radio and television 
cabinets, veneers 



Open-grained, heart- 
wood chocolate brown, 
scmetimes with a 
purplish cast* Sap- 
wood white 



IIJGSTIPICATibH OP WOODS 



(Hardwood) 
IIAHOGAKY 
(Philippine) 



S0URG2 



PROPERTIES 



USES 



APPEAAA17CE 





MAPL3, HAHD 




\mr?E OAK 




Philippine Islands 



Maine to Minnesota, 
southward to ©ast- 
ern Texas and north- 
em Mississippi, 

Alabajiiat and Geor^a* 
tiargest stands in 

the lake states and 
northeast* 



jSastem tJnlted 
States from west* 
em Minnesota 
to western Texas 



Similar to geniiine 

jnahogany, but coarser 
in textu2:e and appear^ 
ance, Weigfitt 57 lbs, 
per cu, ft. 



Heavy, hard strongi 

stirf, hieh shock 

resistance. Excel* 
lent endurance qual- 
ity, no odor or 
tast^*. Weight: 44 

lbs* per cu# ft. 



Heavy, very hard, high 
in strength pro* 
perties. Subject to 
large shrinkage dur- 
ing: seasoning:* 
Pores filled with 
tyloses. Weight: 
4? lbs, per cu# ft* 



Lumber and veneer for 

furniture, built^ins, 

and paneling 



Furniture, flooring, 
handl es , wooden'ivare , 

bowling pins, and 

chopping blocks. 

Sap used for syrup 

and sugar 



Flooring, furniture, 
general millwork, 
boxes, and crates, out- 
standing for kegs, 

barrel St and casks 



Open*graincd, dark 
red variety varies 
from pale to dark 
reddish brosn. Light 
variety ranges from 
li^t red to straw* 
Sapwood is pale gray- 
ish or reddish broan* 



Close-grained, light 
reddish brown or tan, 
sapwood is off-White 
occasional dark 

mineral streaks 



I*arge pores, heart- 
wood grayish brown, 
large wood rays i** 
to 5" long 



IBEHTIPICATION OP WOODS 





SOURCE 


FHOPiSnTIES 


-■ 

USES 


APPEARAUCE 


(SortwoodsJ 

REDWOOD 


Alone or near the 
California coast 
in narrow, irregular 
strips 


Moderately li^t, 
moderately hard, 
strong, and stiff* 
Highly decay resis- 
tant* Weightt 26 

1 D3 * P» CU* XX * 


Planks, dimension 
l\jmher, joists, planlcs, 
posts* House Biding, 
outdoor furniture , and 
tanks* 


Hoartwood is a deep 
reddish -brown* 
Has no distinctive 
odor, taste, or feel* 


3/«" needles 










DOUGLAS PIH 

w 


Hocfcy mountains west 
and from Canada to 
Mexico* Largest and 
fastest grovth in 
Oregon and VTash- 
in^on* 


Moderately heavy, vary 
stiff, moderately 
Gtronf, hard, and 
shock zresi^tant* 
Headily kiln-dried* 
Weight: 33 IhB* 
per CU* ft* 


Sash, doors, railroad 
cars, boxes and crates, 
timber* piling, and 
plywood 


Heartwood is orangs 
red or sometimes 
yel lowi sh * Browni Bh 
resjUi streaks in the 
suonerwood* ^ Has a 
distinctive odor* 


1/2" needles 










WESTEHH 
WHITE PIKE 

r 

5 

needles 


Canadian border south- 
ward into western Mon- 
tana and northern Ida- 
ho and along the Cas- 
c^ade and Sienra Nevada 
momtainB throufih Wash- 
Inerton, Oreeon to Cen- 
xtSc^L uciixx omxa* 
Heaviest in northern 
Ifiaho and adjacent 

parts of Hontana and 

Washington * 


Koderately lleJ^t, soft, 
weak, and stiff* Is 
not easily split t>y 
nails* Weight! 27 
lbs* per CU* ft* 


Lumber, construction, 
bo3ces, and millwork 


Heartwood la cream 
colored to light 
bro'wn* Hesin canals 
are abundant* 
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mauG PUIS paper 



A piece of hand-crafted paper, approximately 6" x 6*', is to be made Iqr 
the procedtare shown below. 




3i Boil two tablespoons of 
lamdxy starch in two 
cups of water. Pour in 
tub and beat with egg 
beater. 
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4* Insert "wire" down to the bottom of 
the tu^. Place the wooden frame 
over the "wire" smd pull the "wire" 
with fiama out of the tub while in 
a horizcaital position. 





5, Separate tiie two mold oom^ 
ponents and plaoe blotter 
paper over the **wire**# 



6, Pull blotter off the wire and 
place a second blotter over the 
wet paper raattinff* Press dry* 
This process may have to be 
repeated several additional times 
with additional sheets* 




7* Roll out excess moistiire from 
shoet* 





8* Iron with a low heat to 
desired surface g^losfi* 
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IMSTnUOTTOHS FOR MAXIHG PAPER 



A container, such as a dishpan, approximately 6'* deep and wide enota^ to 
allot/ a free movement of the box and scree^n is necossaryt Bill the pan with 
vatcr and then tear apart or pulverize a small piece of the raw pulp stock 
which is in the kitt A little bit goes a long way, so it is best to staart 
with a small quantity and keep checlcinff it on the screen until the rij^it 
amount of pulp is evident. 

The pulp must be dissolved thorou^y in the water, and this can be done 
by vigorously etirrinff so the pulp is held in suspension in the water* The 
water will appear dull* dirty, and murky. When the pulp and water have been 
mixed to the consistency you desire, immerse the box and screen (stir imme* 
diately before iinmersing) into the water and shake ftom side to aide while 
raising slowly* Shaking the box side to side causes the pulp to intermix 
(cross grain) to give strength to the sheet and also has a tendency to smooth 
our thf» puXp. 

Haise the box and screen and let the water drain completely out for just 
a minute or so, and then separate the wood. box and ttie screen* Be carefxjl not 
bo disturb the pulp vAiich has deposited on the screen. Place the screen with 
the pulp between the wool pads and press gently so that the wool will absorb 
some oC the ^^ater* Then remove the screen from the wool pad and place it be- 
tween the blotting sheets and apply gently pressure* This will remove some 
more water from the pulp or the paper sheet* Lay the sandwich on smooth flat 
surface, remove top blotter and very gently separate the screen from the pulp, 
leaving the pulp on the bottom blotter* 

In order to dry this sheet further, put a piece of blotter over the pulp. 
Use a hand iron or electric iron while the pulp is still between the blotters* 
Run the iron over the surface of the blotting paper similar to ironing clothes* 
?o put a smoother finish on the sheet run the iron directly on the paper* 
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ITOTJSTRIAL PAPER 



Industrial paper id all paper that isn't designed to be sow type of writtnir 
paper. While Industrial paper can be printed and written on» its win we if 
for J-diAensional products such as packages used for stomgt and Aipmnt* Other 
namples of industrial paper are: vxapping paper^ paper tovels» paper platea^ 
paper cups* napkins^ construction papert cardboard^ and paper clothing* 



Bat>erboard 

The basic raw material for corrupted boxes and produote is paperboard* 
The basic oiachine used in preparing this paperboard is called a oorrugator* This 
partieuXar machine xmts together the liners and the coxru0ated oeater^ forvlng 
thea to shape as they run through the corrugator* The oorcugator machine is 
hue«} som a city block in length* expeasiire to boy* lnatall> houaet and opexate* 




The most consnon corrugated board made has two liners* and a ooirugated centeri 
but more layers of corrugations are used ^en greater streiagtha are required* The 
liners and corrugations are glued together with fast setting adfaesives* The oott- 
poaite etructure called Tjaperboard is a standard stock itea which can be used for 
a variety of industrial packages. 




rroceasing Paperboard 

The design used for a particular package depends on the shape of the pro- 
duct to he packaged^ the material it Is made of, and how the ^duct is fioing 
to be sent* If a large numl>6r of containers are to be mde, a die^cutter will 
probably be neededt If only a few are needed^ they could be cut with BClasors 
or a razor blade, 

* 

I'he die-cutter is a very useful tool in prodxicing v^dkAgU^ syatems* With 
use of the die-cutter matiy paclcages can be ahetred out in a short time and the 
scoring opexatioo can be performed* Scoring is an impression or crease in 
corrugated or solid fiberboard to locate and facilitate folding* 

After the packaging system has been laid out^ cut, and scored^ it is 
ready to be folded into the particttlar shape for liiich it was designed* Colors 
ful printing on the outside of the package is often necessary if the packaging 
system is to be on display* For example^ bt)xes for toys are colorfully de* 
signed* If the boxeo were plain, no me would lock at them} but since they 
are printed in an artistic manner, they catoh the eye of the buyer* When 
printing is required, it is done while the paperboard is in flat sheet stock* 
Vften the packaging ^stem is ^posed to moii3ture conditions^ it Jimst be 
coated with wax or plastic materials* Coating will give the paperboard 
resistance to deterioration by moisture and will keep the contents dry. The 
steps in processing fiberboard into a particnlar packaging ^tem arej 

1* Lay out the package with drafting techniques to correct sises and 
shape* Joints are allowed for as needed* Flaps and slots are 
allowed for and drawn in the layout* 

2* The layout is cut out by hand tools or by a die*cutter* 

5* Scoring is done with a hand roller or with a scoring rule moxanted 
in the die-cutter* 

4* The cut out paperboard is printed, usually with rubber plates* 

5* The package is coated if it is to be moisture resistant* 

6* Folding and fastening the package is the final step* 



^exting T>ackajj;lng systems 

Testing a packaging system is important to help decide how heavy and 
strong a package should be made* Some testing must be done to the package 
while the intended product is contained within* Major tests are: burst, 
puncture, impact, vibration, and c<Hnpreesion* 

In the puncture test the resistance of fiberboard to penetration is 
measured and the stiffiiess of the specimen is detertained* In this particular 
testing procedure, a pyramidal metal point is driven throng a specimen of 
fiberboard the swinging action of a pendidum ftom which the point projects* 
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Th» crush test records the rorce reqidred to crush the corrugations in a 
specimen of combined board* Pressum will be applied to the flat surfaces of 
the speciiaen and the load per square inch required to cause the oorrugations 
to collapse is determined* 

S CTift impact toot neaftu fe s tlijj r«H ± stance of & li lied contained to ahocka 

caused by droppin^r objects in certain ways (on comer, edges, faoes, etc*) onto 
a solid surface* ^e test meaaures how veil a container bxA its inner paoka^^- 
±ng (if any) will protect the contmts a^gainst the handling encountered in 
shipping* This test will be tried firom different heigjits* 

The compression test involvee the application of preesure applied ^ two 
flat surfaces of some type of mecbanicaL device to opposite faces of a box, 
mj^^h AS top and bottam, the two ends* or the two sides* TTsually, the test in 
performed on individual enqptgr boxea, and measurement ia takm of the load ap* 
plied in pounds and the deflection or deformation in one^tenth of an inch* 

In all these tests the tolerances must be decided ahead of time so that 
it can be determined if the package passed the tests* 



figuring paclcaging costs 

The price for the paperboaxd itself must be figured with the waste included* 
The fastening material whett^r glue, stitchingt tape, or staples, has to be 
coneXuex-ed* Printingt assemblyt coating, storage, and loading oharges muat also 
b& included* Many indxistrial products are packaged in systems cost as 

much as 20 - 50 percent of the product^s selling price and some packages, such 
as prepared breakfast cereals or Avon products, far exceed the cost of the 
articles that are contained within* 
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CONSTROCnON OP A PACiy^GE 



Construct a packaeine system to hold -Hie paper weight* The paper welfiht 
will be shipped truck and kept in stotage until removed and put on the 
shelf* 



**Overall dimensions" 



Product 
"Material" 
Lead base 
and 

polyester aj^ere 



VAPER WBJCffiP 



Product not easily 
broken but can be 
missiiaped by orashitif 



Product 
"WeigJrt** 
16 OS* 



2H X 2*» X 2« 



PAPERBOilU) ALKMAKCS 
8" X 12« 



]3:3qperii&ent with 
layout sketch 
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£3 


Rather 
brittle 


















1 


Sound 
Smell 
anoke 

Plamo color 


jH 

& 

§ ^ R 

CO t9 O 
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1 
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i 
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Cyclohexanone 




















Acetone 




















Butyl acetate 




— 
















Toluene 


H 












' ■ ■ 






Water 




















h 

I 
I 

c 


0 d 


to 

CO 




1 














CO 

o 

:3 


0 
^* 




o 

O 
<< 


g 

% 


Polyethylene 


Polyvinyl 
chloride 


ll 

p ^ 


o 

1 


1 



to 
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OENTIPICATIQM PROCEDTJRE 



Nearly all plastic matorials can identified by subjecting them to the 
specific gravity test, solvent test, heat test, burn test, or the physical 
characteristics test. 



Specifio gravity test 

Most plastics have specific gravity much the saine as water, or about 
one. Plastics i-Aiich float on water have a specific gravity of less than one 
\Aiile those which sink in water have a specific gmvity greater than one, 
(Cautioni This tost does not apply to cellular naterials because they all 
float if tkoy axe closed cell structures,) Be. sure to push the plasticB 
sample do'^m into the water to avoid surface tension wi^ch will oaiise plastics 
to float even if their specific gravity is greater than one. 



Solvent test 

Some plastics can be dissolved by selected solvents while othir plastics 
will not dissolve with any solvents, A series of five solvmta which are very 
useful for identification purposes are: water, toluene, butyl acetate, 
acetone, cluA cyolohcxanone. The plastics sample to be identified is sub* 
merged in the solvent 10 to 1^ seconds. If the sample goes into solution, 
that is, turns t^yrupy and sticky, the solvent is dissolving the plastics. 
The plastics samples should be held with a tweeter and a new sample should be 
used for each solvent. Care must be taken to go through the above solvent 
o:*de?. No steps should be missed nor should a reverso order be taken. 

Stop 1 ^ ^Jin a small sample into warm water for 10 to 15 seconds • 
If it starts dissolving the sample will be polyvinyl 
aleohol. 

Step 2 - Toluene - If the first sample did not dissolve, take a new 
sample, place It in toluene, and observe the results. If 
it flissolves the material is styrene, ABS, or polycarbonate. 

Stop 5 - Butyl acetate - If the second step did not affect the sample, 
take another ssimpl^ and submerge it Xa butyl^ acetate. If 
it dissolves it is celltdose aoetata butyiate, 

iJtep 4 - Acetone - If the third step did not affeot the sample take 
another sample and sutinerge it in acetone. If the sample 
dissolves it is oellulose acetate. 

Step 3 - Cvclohexanone - If the picevious steps have not affected the 
material take a n^^w sample and submerge it in cycloh«canone , 
if the sample dissolves it is polyvinyl chloride. 

If tho plastLcs material is unaffected ly these solvents, it is one of 
the thomoRotc ov could be one of the following tiiermoplasticsi aorylic, 
polyethy^eno, polypropjrlcne » nylon, fluorocaxbon, or a^etal, 
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Bum test 

The tnjuming characteristics of plastics give a good indication of lAat the 
aainple is, Some bum violently while others are slo^ buming or self-extin- 
guiehins* Some indeed will not bum at all* When buming^ a plasties samplei 
use a small piece and hold it with a metal twezer. 

Observe how it burns - 

1 * Color of flame? 

2, Size of flame? 

3- nickering or smooth flame? r 

4- Type of smok©? 

Y 5- Does the sample melt and drip? 

6# What kind of burning noise is there? 

Detect the odor of the sample after extinguishing the flame - 
1* Smo smell sweet, 
2, Soitie lack odor, 

3* Some smell like rubberi bnmine woolf or rancid butter. 



Heat te^t 

This test will quickly indicate if the natexial is thermoplastic or 
therroosetting* An electric soldering gun can be pressed on the surface of the 
plastics material* If the material softens it is a thermoplastic but if it 
stays hard it ig a thermoset. 



Physical characteristics tes^ 

General appparance and f&el of plastics can be useful in identification, 
but one should be cautious because feel and appearance can be deceivii^* 
Some thin plastics sheets can be torn easilyi ^ile others are very tou^i to 
tear* Some plastics feel slick and waxy, while others seem to scratch easily* 
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TEXTILES AND PABRIC CONSTRUOTTOil 



Using heavy colored paper anrt white vir^rl glue, adliere twelve textile 
sajnples to heavy paper sheets as shown below. ^Hho textile samples will be 
cut to size with a metal template and solesors. 



Polyceter 

(^textile) (Tsxtlle) 

Double Ktiit 

(Construction) (ConstructioxO 




After the ^lue has hart a few minutes to dry, fill in the spaces with the 
appropriate infoxmation. 
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heat iiuUtanct 



Fa>>tic Uses: 
'tt>heA.e good 
dmpabitUtf U 



Textile samples 


yoa should 


havet 




Pcayester LauUe 


Pelt 


ICnit 


lfu8lln 


Fiber Glass 


Crepe 


Single Weave 


Burlap 


Pilrer Glaas 


Tiokinff 


Double Weave 


Vinyl, Supported 


Pilrer Gla«8 


l^lon 


Woven Bovinff 


]>0nim 
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TBXTIIBS AND FABRIC COIfSTRirCOJION 



(Textiles) 



(Construction) 



XX 


Glue 




Fabric 


Care: 




Sabric 


Uses: 





(Textiles) 



(Construction) 



yy. Gluo xx 
Fabr G Caret 



P&brio Usost 



(Textiles) 
(Constniction) 



XX Glue XX 
Fabric Caret 



Fabric Uses: 



(Textiles) 
(Construction) 



XX Glue XX 
iVoric Caret 



i^abric Uses: 



(Textiles) 



(Construction) 



XX 


Glue 


XX 


Slabric 


Care: 




Fabric 


Uses: 




■ 







(Textiles) 
(Construction) 



XX Glue XX 
Fabric Care: 



Fabric Uses: 
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CO 



TTfPES or TEXTILES 






HEAT 


CARE 






NATURAL 


SOURCi 


PROPERTIES 


RESISTAUCE 


RE0131RKD 


USE? 


1. 




Fleece 
of sbeep 


£ljt9tlcltyt Resiliency 
Flexibility 


High 


Dry cl^an or 

band *^asb 


rpet , 
Clothing 






Ins<fct t 






Dry clt,^an or 






Silk 


cocoon 


LdxurV fiber 




band vasb 


ClotbiUR 






CottOn 








Clothing* 


3, 


Cotton 


plant 


Low costt Easy care 


Low 


Machine vtisttable 


H(>iJSt*bald 


4. 


Heep 


Plant 


Poor elasticity 


Med ium to 

low 


V^Shabie 


Cordiifit, Rop^!^ 
iiirjKtullns 














Br^tkc linings* 


5, 


Asbeatos 


Mineral 




High 




P,idding» Cloves 


6. 


Jute 


Plant 


Least expensive 


tlQdiuin to 
low 


Vasbable 


carpet b.'kcking. 
Sacking* iSaRS 


7* 


Flax 


Plant 


Strong, 
Irregular fiber 


High 


Kashable 


Lfnt^ns 




Sp^ci^iity 
bair fiber 


Anicaals 


Limited availability 




Dry clean 


C3o tiding.. Drapes , 
Dlankecs 




Fiber glass 


Mineral 


Low flexibLllcy 


High 


Hand v^'ksh 


Curc3!nS, Drapes, 
industrial tool ins 




TYPES OF TEXTILES 


1, 




Cellulose 

from plants 


Easy care* 

Absorbent 


Lou 


Hand wQSh 


Clotbingi HoTT^e 

furnish tnRs 






Cellulose 

frcm Pl^nte 


Low Strength, 

Resists mold 


Low 


Dry clean 

or KAnd wash 


Glotbin;;* Lining* 

Bt£dsir> tends 








Strength* 






Hosiery^ Tires* 


3, 


Nylcn <I939> 


Pe tr oleum 


Elustlclt^ 


Low 


Hand wash 


Cord. Clorlsins: 








Low density* 






CJotJ^infX, Carpets , 




Acrylic 


Petroleum 


IHfih bulk 


Low 


Hand irn&h 


Bl.mkets 




Folyisster 

Dacon 


Petroleum 


Elastic:, Strong 


Low 


Machine washable 


Clothinp 




Vinyl 


Petroleum 


Easy ca^^t 
fion-ahsorbent 


Hl(th 


Wasbahle 


flucdoor **|>lu)tstery, 
Furni tiirt>^ , Drripos 














Cordage, Sc?ut 


7, 


olefin fibers 


Petroleum 


St ron£ 


High 


Washable 
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APJUSfMBMT i^H^^ 



ROCK IDEMTIPICATION PUQDE 



Instructions; Pron» the group of six stones given to you by the 



instructor determine the name of each stone and place 
it on the double ^'XX** beside the matohing name given 
below* Some of the stones will need to bo cleaned and 
finished slightly before they wre mounted* After proper 
stone placement they will be ♦'packaged** in place vith a 
clear blister pack provided by the instructor. 



XX liANDSTONS XX SLATE 



tises; 



Vses: 



XX 



GRAHITE 



XX 



HARBIiB 



Uses: 



Uses: 



XX 



LIMESTOHE 



XX 



Uses: 



Uses: 
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ROCK AND STONJ! 



Rock is a concretion of eaxthr or mineral matterj stone refers to smallf 
weathered or water^vom fragments, or those portions of rocks which are 
shaped or dressed for buildings. Rock, natural in origin and inorganic in 
composition, is the solid portion of the earth's cruet* The construction 
industry consumes more than half of the rock materials produced by mining in 
the form of crushed stone, dimension stone, and for cement, brick, tile, and 
insulation 4 

SulfuTt salt, and limestonet basic to the chemical industry; phosphates, 
nitrates, and potash, required tyy agriculturej and clay, which supports the 
ceramics industry, are all rock materials* Limestonet graphite, molding sand, 
and fireclay are very important to the steel industry* Swe axcks are used 
for abrasives t electrical insulation, and filtration media* Eocfc, ©tone, and 
the minerals from which they are derived are the raw materials used for making 
glass, concrete, plastert and ceramic products* ^e three main classes of 
rocks are igneous, sedimentary, and metamorphic* 

Ifgieons rocks were once molten masses and throu^ differing pressure 
amounts and cooling rates became either fine-grained rocks or rocks with 
large crystals. Lava rook, v&ry ^assy in appearance, is an exaiople of a 
fine-grained igneous rock, while granite is the most popular example of 
igneous rock having a large crystalline structure* 

Because of its dimensional stability, granite precision surface plates 
are used in machining and calibration laboratories* 1!he rock hardness of 
granite is 7 as rated on Mohs scale from 0-10, which ranks it as one of 
the hardest rocks used for structural purposes* 

Varied and stable colors constitute the beauty of granite* Because of 
this beauty, the primary usee for granite in order for importance are; (l) 
monuments and memorials, (2) buildings - as foTJundation blocks, steps, and 
col\ms, and (3) curbstones and paving blocks* 

Sedimentary rocks, resulting from the decomposition of older rockst are 
found on or near the earth's surface, Through forces of nature rocks weather, 
erode, or crumble into various sized particles* Some of these materials re** 
main near the sovircet as sand in desert regions; while others are traneported 
by water and settle on the bottoms of rivers and lakes* The sediment builds 
up and eventually hardens* Examples of this type of rock aret sandstone, ^ 
limestone, shalot and gjrpsum* 

Sandstone is very popular construction material used primarily as a 
building stone or concrete aggregate* Limestone is used in applications 
similar to those of sandstone, but also for soil conditioning and as a 
fluxing agent* Shale consists chiefly of clay in thin layers (actually 
called claystone when laminations are not apparent) and is used for ceramic 
products* Gypsum rock is the basis for most plasters used in construction 
of buildings and in the making of models and molds* 
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f4otamomhic ro*;k In ignoous or serUmontary rock that has been nhan^ed 
(mf^tamorphoneil ) to another composition and fom through heat and pressures 
within the oarth# The ronk doon not molt as H goes ttirou^ the changes in 
nomponition and form, Glate, marlsle, and quartz are motamorphic rock# 

Slato^ found in a mrioty of colors, is a cloacd-pore xock with rigid 
characteristics* Hoofixig slates, mantels, steps, chalkl>oard8 , and billiard 
table tops aire often made of slate* Marble is used primarily as a decorative 
stone because of its Interesting color patterns* Statuary sculptures, ex-t 
terior and interior vails of public bulldinso, vashbaslns, and electrical 
power panels are often made of marble* The cost of marble is high because 
about fifty percent is lost in mining operations* Howevert many new uses are 
being developed for the waste that comes trom tiie quarries « Harble dust and 
marble chips are added to polyester resin to produne artificial marble head- 
stones, vanity topSt and furniture items* When marble is used in this manner, 
it is referred to as cultured marble* 



Iflien possible, rock and stone are shaped by breaking away unwanted portions 
by a process called induced fracture* Witii a sharp blow of a hammer along a 
scratched mark or line intentionally placed on the rock earlier, the rock 
breaks at the desired place. Brick layers etnd stone masons ftequently use the 
technitiue of induced fracture* 

When greater accuracy is required, stone may be sawed with an abrasive 
saw made of diamond} diamond is the hardest of all rock* IThose saw blades, 
costing man,y hundreds of dollars each, provide a smooth^ finished surface* , 

Hock and atone may be cleaned, re-surfaced, car etched l^y sandblasting* 
.Sandblasting is a process of eroding away materials 1^ spraying a stream of 
sand imder pressure* If a design or lettering is desired on the stone, a rub- 
ber template is placed over the stone prirar to sandblasting* This is the pro- 
cess Used for inscribing letters on gravestones and building cornerstones* 



The Koh's hardness scale arranges ten rocks in order of ascending hardness 
as follows; 



ClfPTIHa ROCK AlID STONE 



HOH^S HAHDHESS SCALE! 



1* 

2* 

5* 



Crvpsu m 
Calcite 
Pluorite 
Apatite 



Talc 



6* Feldspar 

6* Topa9( 

9# ftuby or Corundm 

10* Diamond 
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TiV llated rockS|M^* ^ii knovm Moh*a valuest can bo used to scratch other 
autstanfic;: to ^istomiino the approximate Hoh's number for th^ unknown material# 
k material will not scratch unless it is rubbed with a harder raatorial than 
itself. For example, hardened steel fian be scratched by quartz but not hy 
feldspar; therefore, the approximate Moh*s value for hardened steel is 6.5» 
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GLASS 



Glass, a ceramla composed largely of silica, is a hard non*porous 
material with excellent tensile stren^h. When fine fibers of ^ass are 
carefully arranged, products exhibiting excellent fXexural strengi;h, such 
as fiberglass vaulting poles, skis, and boats, are possible* normally, 
however, gflass is considered a 3cather rigid and brittle material* Because 
of its non-crystalline structure and because it does not exhibit a definite 
melting point, glass is really a "stiff' li<iuid which becomes lesa viscour 
as the terapexature rises, 

V/hile the primary cwnponent of glass is silica, obtained from high 
purity sand, other minerals in the form of oxides are added to glass in 
varying kinds and amounts to produce particular kinds of glass* Boron 
oxide, alumina, soda, potash, lime, magQesia, lead oxide, barium oxide, 
and zinc oxide are the principal secondary components of glass* 

Soda-lime glass, ccxmnonly used for windows because of its low cost, 
contains 75*5f 21, 5f and 5*2 percentages of silica, soda, and lime respec- 
tively, TliQ formiiig temperature of 1200° * 1^U)0° Earenheit, lower than for 
other types of glass, makes it possible to form soda-lime glass in school 
laboratories and in home ceianilc kilns, 

Two glasses having special en^jineering properties are borosilicate 
(pyrox), with a low coefficient of expansion, €uid quarts glass, with excel- 
lent resistance to chemicals} both have excellent resistance to spalllng 
or cracking caxised by severe changes in temperature. Quarts glass transmits 
ultraviolet radiation very efficiently, but is difficult to process because 
of its high forming temperature (greater than 5000^ P), 

Glass has a remarkable range of uses* To the building contractor and 

toolmaker, glass is a structural material, To the engineer^ glass is an 

electrical insulator and light transmitter; and to the packager, glass is 
a container material for foods and drugs, 

By the addition of metals and metal oxides^ glass may be colored. Nickel 
oxide imparts a color range from yellow to p\\rple depending upon further 
additives, V/ith bor^ic oxide the color is yellowj with potash, reddish^-violet j 
with soda, brownish-violet} and with the addition of lead silicate, the color 
is purple, A wide spectrum of colored glasses is possible by varying the 
type and amount of additivesj hov/everi while beautiful, colored glass is 
vnry expensive. . 

\Ihen forming glass, soda*lime glass will be used as an example, the glass 
must be inserted into a mold often made of stainless steel* The mold is 
then placed into an oven at room temperature, ;*/hile leaving the oven door 
open slightly, the ovon should be turned on. After the temperature^ has 
reached 1000*^ P, the oven door should ho closed. The oven siiould be turned 
off when the temperature reaches 1400° F, but the oven door should rc^ialn 
cloneH untU tfie ovon cools to rooiri temperature. 
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Th3 vbolc process of forming fflass*may tako 12 to 24 hoxira and 
rarely can the process be hvrried without spallinff the glass, Ponning 
glass is difficult and time consuming unless elaborate production 
sysjterast feasible only when high quantities of products are neededt 
are available # When large quantities of parts are not needed, such as 
in aircraft productiont plastics materxaXst of having greater form- 
ability at lower tenqperatures t are often used for gla,zine purposes* 
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PROBUCP DEVELOHEin} 

Lead Wel^t 
1# Introduce the idea 
2, Condtruct hard mookup 
7, Plaster splaeh (Female mold) 

4, Ham and cast perraanent mold of altimlimni (Green sand or shell mold) 
5* Machine permanent mold 

Ball 

1, Introduce to plasties casting (polyester) 

2, ntx polyester resin and catalyst 

3, Pour into flasks (fflass) 

A, Add decorative systems (coLWt glitter) 

5* Cure parte 

6, Remove from mold (break glass flask) 

Aasembly 
I4 Position l>all on base 
2, Bend prongs into position 
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COURSE; IttTERIALS MiD PROCESSES 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



Unit III - Forming 
Materials 



00 



!♦ Stretch Forming 



The sttident will be able to explain 
the four concepts of shaping: (a) 
forming, (b) separating, (c) com- 
bining, and (d) finishing. 

The student will be able to discuss 
the following type© of forming; 

(1) Casting and molding - the materi- 
als generally liquefy or become 
semi-liquid diirin^ casting and 
molding 

(a) Cold easting materials - 
casting materials that are 
liquid at room temperatu3:es 
and harden in room tempera^* 
tures - gravity is euffi- 
cient pressure 

(b) Hot casting materials - cast- 
ing materials which liquefy 
when heated and harden in 
room temperatures * gravity 
is sufficient pressure 

(c) Holding - forming materiale 
with pressures hi^er Oxaai 
gravity in matched molds or 
dies usually made of metal 

(2) Con^pressing and stretching * 
forming materials (solids, sheets, 
or bars) at room or elevated tem- 
peratures* Both compressing and 
stretching occxnr simultaneously 
in most operations 

The sttident will be able to discuss 
the principles and common materials 
used in the stretch forming process* 

The srudeni; will be able to describe! 



Discussion-demonstration* The student 
will become familiar with the products 
that will be manufactixred in thie unit 
by observing the product and pictures 
of production sequences* 



(1?) p* 112-144 



Discuss! on-demonstrati<^* The student 
will prodxice the stretch forming tool 
and will complete the entire stretch 
formed fruit bowl prior to engaging in 
any other laboratory activity* 



(13) V* 187-204 
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TOPIC OUTLINE 



PERFCKIMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



^a) stretch forming sheet metal, and 
(b) stretch forming textiles 



00 
01 



II. 



Rotational and 
Blow Holding 



The 
the 

(1) 



(2) 



student will be able to explain 
folloviji£« 

Rotational jnolding - molding codh 
pletely closed hollow objects of 
plaatlcs and rubber by rotating 
raw materials iiuaide a heated 
mold 

Blow moldiiiff ^ moidii^ hollow 

objects bx blowin^r a heated tube 

(parlson) of plastics or glass 
agEdLnat the walls of a two- 
piece feoiale mold 



Supplies: Sketching uaper 

3/4'» X 8'» DC 10*' wood 

Polyester double knit cloth 

with good drapability 

Carpet tacks 

!I^ck hansners 

Scissors 

Sandpaper 

Paste wax 

Polyester resin with catalyst 

1'* ineacpensive stain brushes 

Lacquer thinner 

White polyvinyl glue 

Disposable cups 

^* DC 3" wooden dowel 

Equipment t Sand saw 

ihrill press 
Disc Sander 

Discussion-demonstration* After having 
observed demons trat ions ^ students will 
fojm a wax fruit and polyethylene bot- 
tle by rotational moldin^p and blow 
molding respectively* 

Supplies: Candle wax with dyes 

PetroleiM'^elly parting ag©nt 
3/4« OD polyethylene tubing 
Pruit molds 
Blow molding device 

Equipment! Air cccopairessQr 
Oven 

Rotational molder (optional) 



(13) P* 560*561 



C003SE: MATERIALS AJID PROCESSES" 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



III. 



Drape Porming 
Reinforced 

Plastics 



QO 
CD 



17. 



Thermoforiaine 
Theimoplas ti cs 



ERIC- 



The 
the 

[I] 



student will be able to discuss 
rollowin^; 

Principles of reinforced plastics 
Systems for forming reinforced 
plastics 

Chaxact eristics of reinforced 
plastics 



The student will be able to explain 
the following; 

Cl) Thermoforming - forming thermo- 
plastic sheet stock by heating 
until plasticiaed and forcing 
(vacuum or compressed air) a^lnst 



Discussion- demonstration* Student acti- 
vities are as followsi 

Cl) Given four descriptions the student 
will select an appropriate definition 
of reinforced plastics, 

(2) The student will describe the 
characteristics of reinforced 
plastics products* 

(5) The student will match description 
of processing methods with corxes" 
ponding names. 

(4) Given the necessary tools and sup- 
plies the student will produce a 
model boat hull comjprised of two 
layers. 

Supplies; Boat hull mold 

Fiber glass cloth 

Polyester resin with catalyst 

1" stain brushes 

Polyester dyes 

Paste wax 

Wiping rags 

Scissors 

Lacquer thinner 

Weighing scales 

Disposable cups and stirring 

sticks 

Equipment; Circular saw or drill press 
horizontal saw 

Itlscussion-demonstration. The student 
will themjoform a model boat deck of 
styrene plastics sheet* 

Supplies: ,040" - .060« styrene sheet 
Thermoforming male mold 



(17) P* 50, 86^94t 

191-196 
(7) P* I4t 27t 39 



(7) p. 12-I4t 40t 
158, 271 
(17) P* 82-94t 
140-156 
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TOPIC OUTLXKE 



00 



VI. 



Foanwae Cellular 
Plastics 



PERFORMANCE OBJECTIVES 



a form until cold* 

(a) Processing methodst iracuuni 

Beal» cavity vacuum, zanunin^f 
iU9in^ male and female mole 

(b) Nature of thermoformed parts 

The sttident will l>e able to discuss 
the followinfr thin^B about foundaiy 
icticet 
Hot casting 
Patterns 
l^ypea of molds 
Pouring procedures 



The student will be able to eoqplaln 
the following 

Cellular molding 
Purpose and process of foaming 
cellular materials 
Expanded polystyrene 

Foaming urethane 



SUGGESTED ACTIVITIES 



Sheet clamping Trame or vood 

Equipaienti Vacuum forming table 

l>rill iw^ess with horizontal 
circular saw 

Diacussion-demonatration. student 
will cast a model boat daeger board of 
aluminum with a match plate and green 
sand. 

Suppliesi Match plate pattern 
Green f oundairy sand 
Flasks 

Ramming tools 
Aluminum ingots 
Hack saw 

Curved tooth files 

Va** twist drill 

Crucible 

Safety clothing 

Tongs 

Pyrometer 

Flux 

Skimming tools 

Equipment; Ttoill press 

Poundairy furnace 

Discussion-demonstration. Floatation 
and adhesion qualities of uirethane resin 
will be shown as students assemble the 
model boat hull, decfc^ and dagger board. 

Supplies: Boat. hull, deck, and dagger 
board 

Urethane foam components 
Disposable cups 



RESOURCES 



(15) p. 112-121 



(17) p. 93-S7f 
177-183 



COORSB: HATEEIALS AOT PROCESSES 



TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 






1 


Stirring sticks 
Weighing scales 
Alcohol for cleaning 








' VII* 


Porginff Metals 


student will be aUe to define 
forging and disctios the followingi 
(1) Chaiacteristics of a forged part 
i21 Systems of forging 
(5) Forged products 


Disctission-demonstration* *She student 
will forge a screwdriver blade with a 
drop forge and properly temper the 
screwdriver blade by observing the 
temper colors* 


(13) 


P. 


151-159 


OO 

oo 






Supplies* 1/4** medinm carbon drill rod 
Abrasive cloth 
Hiacksaw 
Tongs 

Asbestos gloves 
Hatch plate for handle 
Aluminum ingot 
Ylxiyl coating (optional) 

Curved tooth files 

Eauipmentt Gas fired forge 
Drop forge 
Pedestal grinder 






1 

1 
1 

1 


THI, 


FOBHING 


The student will be able to discuss 
the value of an explosive charge in 
forming metal* 


Discussion* 


(15) 


P. 


\ 

184-185 


IX. 

o 


Metal Spinning 
and Stamping 


The student will be able to explain 
the process of metal spinning and 
stamping* 


Discussion^demonstration* The student 
will stamp and spin an aluminum coaster* 

Supplies: *050" - *050** 1100 series 
annealed aluminum 
Poming chuck and follow 
block for spinning 
houhcl nose spxniu-ng voo^ 

Cutoff tool for spinning 

Form blocks for metal steuap- 
inff 


(13) 


P. 


171-177 
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TOPIC O0TLI13E 


PERFORMASCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOUBCES 


*- 

X* Contour 
Lamination 

00 

XI, Castin^r and 
Fonoin^ 

Imitation Glass 


The student will be able to e3q>lain 
the properties and processes of 
contour lamination with woods* 

The student will be able to define* 
(a) Contour lamination - press- 
ing wood layers^ with ad- 
hesive between the layers^ 
to desired shape with match* 
ing male/female forms until 
±he adhesive has cxired 

The student will be able to discuss 
the followingt 

(1) The difficulties of glass fonn- 
infir and coloring 

(2) The development of polyester 
and acrylic glass synthetics 


Beeswax for lubrication 
Abrasive cloth 

Eqxiipiaentt Hydraulic press 
Wood lathe 

Biscusslon*demonstxation. The sttident 
will make a salad fork by the contour 
laminating process* 

Supplies: Veneer 

White vinyl glue 
Wax paper 
Glue brushes 
Matching wooden molds 
Abrasive paper 
Finishing oil 
Hand screw clamps 
Files 

Iiguipment^ Band saw 
Jig saw 

Biscussion^emonstration* The student 
will form aciylic by draping over a male 
form and will cast a synthetic stained 
glass window of polyester* 

Supplies* 1/10" - 1/8" clear aciylic 
sheet 

Zh:ape forming tool 
Polyester resin with catalyst 
Stained ^ass window molds 
AlUDiinum filled epoxy 
Parting agents 

Squipment: Oven 

Band saw 


(10} p. 572-582 
<ll) P. 51 
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CODRSB: MATERIALS AliD PHOCESSES 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



XII. Casting Plaster 



XIII- 



Casting Slip 
Clay 



CO 

O 



XI7. Injection 
Molding 




'The student will be able to disc^lss 
the pocopertles of cured plaster and 
procedures for processing it into 
desired shapes. 



The student will be able to discuss 
the following: 

Methods of clay forming 
(21 Slip casting 

(3} How to turn clay into a ceramic 



^e student will be able to explain 
the process of infection molding* 



Siscussion^demonstration* The students 
will make a white plaster mold^ for 
casting chessmen of slip clay, by cast- 
ing against a chessmen master tool* 

Supplies: White piaster 
Mold masters 
Petroleum jelly 
Plastic mixing containers 
Pneimtic mechanical mixer 
Old wood chisels 
Putty knives for clean-np 

Equipment: Water sink with plaster trap 

Discus^on-demonstration* The student 
will. make chessmen by the slip casting 
pro^edi^* 

Supplies: White plaster molds 
Slip clay 
Bump buckets 
Trimming knives 

Bquiiment: Ce^amio kiln 

Ventilated storage shelving 

Discussion-demonstration* The student 
will Inflection mold polystyrene checkerSf 
if equipment is available* 

Supplies* Bed and black polystyrene 

pellets 

Silicone parting agent 

Gate cutters 
Small file 

Checker injection mold 
Equipinent: In;}eotion niolding machine 



(13) p- 141-142 



(22) p* 248 



(13) P- 557-560 
(17) P- 
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COOHSEi M/LTBRIALS AMD PROCESSES 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



Bhit IV - Separating 
(taterials 



CO 

to 



!♦ Millwork; Woods 



The student will be able to discxiss 
how materials are shaped by forming, 
separatin^f combininSf and finishing* 

The student will be able to discuss 
the following things about the 
separating process! 

(1) Separating prijnaTy materials - 
materials much like they are 
found in nature; these materials 
have had little or no industrial 
processing 

(2) Separating secondary materials - 
those materials which have been 
industrially processed into 
standard stock 



The student will be able to e25>lain 
the following operations done of 
millworfci (1) cutting, (2) surfacing, 
(5) joinery, and (4) smoothing. 

The student will be able to discuss 
the woodworki3Fig tools and inachines 
used for millwork. 



Discus si on*demonstration4 Student acti* 
vities are as followst 

(1) The student will match descriptions 
of separating processes with the 
corresponding process name^ 

(2) The student will recall the descrip- 
tions of primary and secondary 
materials* 

(3) The student will indicate at least 
four types of separation, both from 
primary and secondary materials* 

(4) The student will become familiar 
with products manufactured in this 
unit by observing the product and 
pictures of manufacturing sequences* 

Suppliesi Chess cabinet, including 
polystyrene foam liner, 
checkerboard, and laminate lid 
Printed circuit board for 
optical lamp 

Peiraanent casting mold (pro- 
duced by machining an . 
al\3minum casting) 

Discussion-demonstration* The student 
will do the millwork required to manu- 
facture a wooden chess cabinet accord* 
ing to specifications. 

Supplies: Sample wood for demonstration 
of cuts 

Dado blades (for rabbet Joints 
and dado) 

1*' DC 9*» rough stock - Philip- 
pine mahogany 
Sandpaper 
Bar clamps 



(13) 



(11) p. 129, 160, 
192 

(10) p. 221, 284, 
313 

See Appendix II- 

P. 85-87 
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TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 


II, ^nermal Cutting 


The student will be al>le to define 
thermal separating and its following 
process; 
(lj Hot wire 

(21 <h^acetylene cutting 
(5) Arc cutting 


V/hite polyvinyl glue 

Glue brushes 

i** fir plywood 

Linseed Oil for finishing 

Claw hajnmers 

5 pexiny finish nails 

Nail set 

Sauix^nent: Jointer 
Router 
Surfacer 
Circular saw 
Radial arm saw 
Belt Sanders 
Vibrating sanders 

See Appendix HE for additional inform* 
tion on the constructic»i of the chess 
cabinet* 

Discussion-demonstration* The student 
will cut polystyrene foam to chess 
cabinet size* 

The student will also be given a chaiice 
to cut througji plate steel with an ooy- 
acetylene cutting torch* 

Supplies; Cellular polystyrene foam 
liner 

3/8" steel plate 

Equipnient* Hot wire cutter 

Oxy-acetylene outfit with 

cutting attachments 

Vq judu I 1 exeoxxoue or specxaji 

arc cutting electrode 

(optional) 


(17) p. 25, 26, 97 
(5) P. 5, 9 
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TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 






225 ampere arc welding 
machine (optional) 
Proper number of goggles 
and helmets 




III. Shearing and 
Induced 
lecture 


The student will be able to discuss 
the shearing method of separating 
materials and its appIicationG* 


Discussion-demonstration, The student 
will shear plastics sheet to required 
sise and qiiantity for the checker board, 

Stgpfplies: Variety of hand shears 

.060" ABS sheet (lAiite and 

black colors) 

Bottle cutting machine 

Bottles 


(13) P* 446 
(17) p. 102 
See Appendix XII« 
P* 88 


CD 




Equipment t Squaring shears 
Ploor shears 
Curved shears 
Notching shears 








See Appendix m for information on 
'^Checkerboard Construction". 




j IV, Machining 

1 

r 

f 

\ 

+ 

i 

i 


The student will be able to discuss 

the following things t 

(l) Definition of machining 

f 2) Cbaxacteri Sties of machine parts 

(3) Basic types of machining 

(a) Dtrilling 

(b) Turning 

(c) Milling 

(d) Shaping 

(e) Grinding 


Discussion-demons taxation. A permanent 
alxuninum iQOldf designed for casting a 
lead paperwei^tt will be machined from 
a casting and a 1/4" plate# 

Supplies* 1/4*' aluminum plb^te 

Aluminum casting! (made from 
a plaster pattern constructed 
earlier) 1 
End mill cutters! 
Sin^e point fly? cutters 
5/6«* twist drill] 
Hold down clampsf for mill 
Mill files 1 
\ 


(13) P* 308, 319» 
343t 389 



82 



83 



TOPIC OUTLINE 



PERFORMANCE OBJECTIVES 



SUGGESTED ACTIVITIES 



RESOURCES 



V» Cutting with 
Abrasives 



VX» Chemical and 
Electrical 
St chine 



The student will bo able to define 
the term: abrasive, 

^e student will be able to discuss 
the followine types of abrasive 
materialst 
l) Diamond 

.2J Silicone carbide 
.5) Alucximua 
(4) Flint 
.5) Garnet 

(6) Etaery cloth 

[7) Steel wool 
16) Fumice stone 
.9) Crocus cloth 



The student will be able to explain 
the following things: 

(1) Definition of etching 
(a) Reasons for etching 
(b; Types of ^etching 

(2) Printed ciircuitry 

(a) Physical properties required 
for printed circtiit materials 

^b) Electrical circtiit history 
\cj Composition of printed 
ciircuit boards 



Equipment: Vertical milling machine 
Drill press 
Band saw 

Discussion-demons tirat ion. The student 
will construct and trim the chess 
cabinet lid. 

Supplies: Decorative laminate with wood 
grain pattern 
Contact ceiDent 
1/4'* tempered masonite 
8" - 10" abrasive cutoff whee3 
Abrasive paper 
Cement brush 
Lathe bit 

Abrasive saw blade 

Equipment: Circular table saw 
Pedestal grinder 

See Appendix III for procedure of the 

construction of chess cabinet lid» 

Discussion-demonstration* The student 
will produce a printed circtiit board by 
chemical etching for the optical lamp* 

Supplies: Developer solution 
Etching solution 
stripping solution 
3 X fi*' pre-sensitized 
circxiit boards 
Metal trays 

Plastic trays 
Contact tramos 
Negatives 

Exposer ligjit or sunligjit 



(15) p. 391-399 
See Appendix III-' 
P* 89 



(15) 
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CONSTRUCTING 
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Ilaterials Neededi -^^ fir plywood (sound 2 sides) 

1" X 9** Philippine mahoganj^ (rough dimensions) 

5 penny finish nails 

Wood grain decorative laminate 

^* tempered hardboard (Masonite) 

V/hite vinyl fflue 




Haho^av Preparation 

1* Surface stock to ^* thiokness with gurfacer * 

Piano one odgo ;^ith a jointer, 
3, Rip to fjjj** width with circular tahle saw , 

4* Out cuiin (9.V*) anfi sid^^n (14 l/8*») to lon^th with mdial aim gav . 
Cut rabbet and da<lo joints (^» x with circular table saw * 



ERIC 



85 

97 



NAME 



Bottom Conafcruction 

1* Out ^* fir plywood (9*' ^ 15 l/8") * make three pieces. Be sure to 
cut identical pieces with square comers, 

Gluinff and Claiaping 

1, Trlr.l assemble ends, sides, and one plywood bottom, Work out clamping 
nrooediire with plywood bottom being flush (even) with the opening, 

2, Disassemble and spread glue on all joint areas. Use white vinyi glue, 

5, Clamp the ends, aides, and bottom with bai: clamps and nail bottom with 
two 5*P^nny finish nails on each of the four surfacee. 



Sectionins^ the Bo:c 

1* After the glue has dried, remove the clamps, 

2* Clean up the box with a belt sander . making sure to blend the joint areas, 

5, Separate the box into three sections with the table saw , !I?he bottom is 
to be 2^' deep and each of the two upper sections is to be 2 5/4** deep* 
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Plaoing Bottoma into tJppep Seationa ^ 

1. Chainfer (1/8" x 1/16'Ot usin^ a disc or belt sander , lower edge of the 
remaining two pieces of plywood. 



2, Insert each piece into its correBponding section learing the chamfer 
race protruding 1/8" beyond the section opening. Do thie before 
applying any glue. 



3. Remove bottoms and glue with white vinyl glue, insert into opening to 
the desired depth and place two nails in each of the four surfaces. 

4. Set all nails with a nail set. 
% Fill nail holes with wood p^utty. 

Finishing the Chess Cabinet 

1. Eand aand the cabinet on the outer aides and ends thoroughly t t«it only 
moderately on the inside. 

2. Rub on an oil finish on the outai^de only. 

5. Glue in polystyrene foam liners with white vinyl glue. 

4* Brush coat the inside of each section with slow drying colored paint. 
Match the paint color with the flocking you have chosen. 

5. Dmp flocking into each section while the paint is still wet and place a 
plywood sheet over the box; fjhike the laox vigoroualy in all directions. 

6. Remove plywood sheet and dump out all excess flock. Save the eiccess 
flock. 
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CflBCKERBOAED COWSTRUCTIOK 



Materials lleoded; ,060" ABS plastics - white and black texttared sheets 

1/8" tempered hardboard 

Contact vinyl paper with simulated wood grain 
2** wid* cloth aiivoQiiditlonltiff tap* (imt tape) 
Contact eetfient for tile «dhiHilM, 



Procedure 

1, Saw 1/8" hardboard 6 1/2" x 13\ You will need two pieces, 

2, Shear plastics sheet into 1 5/8** squares • You will need 52 white 
and 52 black squares. sure all ideces are square, 

3, Lightly sand all surfaces to be banded with fine sandpaper and wipe 
clean with alcohol* 

4* Apply contact cement as instructed 1^ the container label, 

5* Place plastics squares into position carefully* 

6, Place the two board halves together in an upside-down position and 
apply one strip of duct tape along the joint, 

7- Cover the entire back with contact vinyl. 
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COMSmUCTIOH OP OHESS CABIHET LTD 




Procedure 

1* Cut 1/4** tempered hardboard 6 T/S** x 15^* 

2* Cut decorative laiainate 9 7/8** x 14*** 

Turn decorative laminate lipside down and place the 1/4** hardboard upon 
the laminate* Position in the center and mark laininate with a lead pencil, 

4* Li^itly sand all areas to be joined and wipe clean with alcohol* 

5# Brush contact cement on all faces to be joined and allow dxying time* 

6* Adhere the 1/4** hardboard and laminate pressing the two glued surfaces 
together* 3e sure to position the hardboard carefully by using the 
pencil line drawn earlier. 
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COURSES MATERIALS AND HtOCSSSBS 



TOPIC (HJTLIME 



Unit V * Coabininff 
Materials 



PERFORMIHCE OBJECTIVES 



CO 



The student will be able to dlscuse 
the following thingB about ccNitbiniii^ 
materials t 

(1) Its jmrpose and types 

(2) Combining or miaing ingredients 

{3) Eactenin^ systems for solids 

(4) Mechanical fasteners 



SUGGESTED JX^TIVITIES 



RESOUBCES 



Di8cussion^deiiion8txa|tion* The student 
will became familiarl with the products 
that Will be produced in this unit by 
handling the products and observing 
pictures of iQan[ufacturing sequences. 



(1) 



4 



Producing products W combining materi- 
als * student activities to be com- 
pleted in this unit ares 
^1) Adhesionf coheaioW, and mechanical 
fasteners * metal^s fastening 
GQrstems display 

Adhesion, cohesion, and mechanical 
fasteners ^ cov^ered wa^cn jnade of 
wood 

Mechanical fastening of textiles * 
cloth bade pack 

laying rope knots • display plaque 
Mixing ingredients - call attention 
to plaster, clay, and concrete pro- 
ducts produced earlier 
Soldering conponents - printed 
circuit board 



(2) 



(5) 

[I] 



(6) 



See Appendix IT for student activity 
lessons and :feadlng on combining 
materials* 

*The cooiplet^itOn of this unit will take 
several days* 



APPENDIX IT 
COMBINING MMERIAIS 
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PASmHTO SYSTEMS FOR MISTALS 



C0H3SI0H - mild steel 

one piece - 16 ^uge x 2'* x 5" 




1/1* 



AIHBSIOII * mild steel 

one piecG - 26 gau^ x 2" x 5** 




1/1* Up 



lyECHANICAL FASTEHERS - mild steel 

two pieces - 26 gauge x 2*' x 5" 
two pieces - 26 gauge x 2" x 1^' 



Hon- blipeaded fastenox*© 
1, l*op rlvob 
J, Tlrmers rivot 



S/t** fUnf* 



l/H** dovblt 




Threaded fasteners 
1« Self tapplxig 
2« I^lachine scxev 



l/H** tvAm 
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CO^IHING HETAIS 



There are many ways in which inetaXa can be combined into products^ but 
all fastening systems can be classified by three general methods of cohesion^ 
adhesion, and mechanical fasteners. 



COHESIOH (Weldine) 

Welding is a fastening method by which metals may be Joined by increas- 
ing the temperatures of the work pieces to their fusion points and allowing 
the molten pools formed to flow together and solidify. The methods may vary 
in the source of heat in dozens of different welding processes that axe cur- 
rentZy being used. 

All metals are weldable provided that the proper process and teohnique 
are used. However^ it is very important that the definition of welding 
f^iv^n above is understood by the person attempting to weld so that the process 
v;ill iiave a greater chance of being successful. Methods of welding aret 



Arc welding 

The basic principle of all are welding is that the electrical resistance 
of an air gap in tho circuit will cause an intense heat that will melt metal 
in the immediate weld area. 

The operator has to make many decisions before he can complete a success- 
ful weld: 

1. The electrode type must match the work according to kind of material^ 
position of and kind of welder* 

2. The machine must be set for proper amperage according to kind of 
electrode and position of weld. 

3. !0he axo length must be regulated to control heat %ons and amount of 
bead deposit. 

A* The speed of travel and manipulation of electrode must be controlled 
for coinrect fusion. 



Resistance weldinfc 

Spot welding is one of the several forms of resistance welding and is 
often used to fasten sheet metal p3xducts. The principle of spot welding 
Is that the resistance of the work piece to the current flow at the contact 
points cause the metal to heat to a plastic state. When pressure is applied 
to the contact points it causes a fusion weld between the two surfaces in 
their plastic state in the local ai^a of the contact points. 

Spot welding is done; 

a. Sheets are placed between tips 

b. Pressure is applied to the sheets 

c. Blectrlc current causes sheets 
to weld by fusion 
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Tho adVfintagGR of resistance welding are fast production, very little 
wnrmfjv, and uniform welds* 



0:cv-rtcetylcne vfoXdinig 

Acetylene ^3 and compressed o^gon in proper ratio, capable of producing 
6500^ temperatures, have long been used as a portable supply of heat for imny 
welding purposes* The oxy-aoetylene weldings unit is comprised of the two steel 
bottles which hold the 63>-se3t pressure regulators for each bottlet hosett *nd 
a torch* 

A keen eye and well coordinated hands are re<iuired of the operator, for the 
melted puddle must be carefully controlled to obtain proper weld penetration* 
'^en additional metal is required to build up the weld Joint, a filler rod ie 
used* This filler rod must be inserted into the puddle and removed repeatedly 
',/ith careful timing* 

There are marrv other uses of oxy*acetyleno heat such as; heat treating, 
hard solderinff (brass, bronse, and silver), soft solderingt hard surfaclngt 
and flame cutting* 



In^rt fffvs ai'c welding 

V/hen atmosperic air is allowed to reach hot metalt reactions take place that 
are harmful to the weld* This con tajnina ting air can be shielded from the hot 
nc^tal with inert gases such as carbon dioxide, helium, and argon# 



OTITPIT 





1. 
2. 
3. 
4. 
5. 



BlfiCtroAe 
Inert caa 
Hozzle 



Base motftl 
Arc 
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The two principal types of inert gM welding tre tan^t«n iiiert gu 
welding and metallic inert gas welding (MIG)< 

f?IO veldingt when done maniiallyt la a aintllar procase to that of oxf* 
acetylene weldin^r* A filler rod is held in one band and the TIG torch 1« 
manipulated with the other hand, (Fhe tungsten electrode mat 1>e properly 
shaped} kept oleant and held the correct dietanoe tt<m the puddle* Zhia 
eleotrode is non-tconsumablet that ist it doee not nelt and baocoe pa:rt of 
the weld* 




KTG welding differs from TIG welding iA that the electrode it ocmantable 
and Ijecomes part of the veld* The eleotrode le a epool of wire that feeds into 
the are at the proper rate of speed. 




ma 



Since the inert gases shield away oontaminating air from the puddlttt 
hig^ quality welds are possible even for metals which are difficult to weld* 



Slectron 1>ean weldixig is perforaed in 4 vacuum whila directing a 
oonoentrated stream of hi^ energy electrone into the Mtal dolnt* 
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5hls procasc la expensive and| thoroforOf io rt^at^rvM far #10410 weldinff 
tualcs* A very narxw veld bead vith ^^onomenal depth of penetration la pvo- 
dueed by electron beam welding* 



The constant variable In all nietal welding la heat and ^en heat la 
generated hl^ fteqiaenoy sound the prooeas is celled laltraxmlo veldlng* 
The ^q:ue featuree that distinguish tiXtraaonlo welding txoat other weldlnf 
syateas aret 

1, Only the contact sitrfacea ot the ^se oaterlala reach hij^ temper* 
atureet hence * there is little deformation of walded ooopoaents, 

2, A rather entail olantplng pressure is reqtuired| hanoot there Is little 
deformtlon of welded ocoponents* 

5, No gases are present In the welding prooasst henost no porosity 

00CU3fS* 

4* some dieeimilar metals nay be ultxasonioally weXded« 

5* Welding Is possible even when the joint la not thoroiighly clean* 

6, The whole process often takes leaa than one aecoiid of time* 




BBIM 



tntraeonic welding 




in/nusoiiiio 
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ADHESION (Metal Bond) 



The 'ihejDi^^al induatitir has ffiven the world mny adhesive materials that 
::r^ uood to r-illably fasten metal assemblies. Host adhesive materials used 
for metal bonding are thextnooetting plastics* 

It should not be assimted that adhesive bonding will replace weldlnfft 
rivetinff, and other mechanical iointsj however, it has made inroads in the 
metal combinine areas. In the motal-to-metel bonding science, a etrange fact 
evidenced is that psychological difficulties of overcoming prejuaicest fear, 
and hesitation are greater than technological dif ficulties- 

Among the advant5tges of landing are simplified design and production 
techniques, lifter pfirts with configurations not otherwise possible, and im- 
provement in strength characteristics for certain applications. 



Adhosives 

Many substances of different chemical structure mayt under appropriate 
conditions, hold materials together by surface attachment} yet, not all of 
them can ^ regarded as adhesives. 

For example, if water between metal or glass surfaces is froaen, a fiim 
Joint is obtained. However, ice cannot be considered an adhesive because it 
o'jcura only at lov^ temperatures and therefore is not applicable in engineer^, 
ing practice. 

To select an adhesive for a particular application, factors to be knovn 
and considered are; the materials to be bonded, the bonding methods (surface 
preparatiotit adhesive application, assembly, conditions of curing) t the de- 
sign of the ^oint, and the properties (such as withstanding environmental 
temperatures) required of the cured joint. Por eDcamplet if very large cm- 
ponents are ^ondedt room tentperature curing adhesives must be employed beca^lse 
with heat-curing, ovsns, presses, or autoclaves are needed' these are limited 
in sise. Since there are go niany factors involved in adhesive selectiont a 
compromise may often be necessary. 



Teslinr 

The three basic types of adhesive joint testing are tensile, shear, 
and T>oel. 




A typical adhesive should possess a, definite combination of physical and 
nochanical properties which make it capable of holding differen|i^ bodies to- 
gether without altering their structure. 

no " 




•Phe basic requirements for an adhesive are: 



1, At some ntago the botid formation i3 fluid. 

2, vniile fluids it should wet the surfaces of the adherends completel;/* 
3* It should set to a strong solid or viscous gel. 

To Hftet the bonding application requirements. Which are Increaeing in nun* 
ber and variety, a vast ranjgn of adhesives has been formulated* Cold-setting 
systems (curing at room temperature) as well as hot-setting adhesives (those 
raqoi^inc hoa!i for curing) are available, Thia range includes liquid products 
varying in viscosity from thin fluids to stiff pasteSt solid adhesives in the 
form of powders, pellets or rods, and adhesive films* There are no universal 
adhesives, but the most comonly used adhesives are the epoxiea and silicones. 
Detailed advise about the effectiveness and behavior of adhesives should be 
sought from the formulators* 



Soldering is a method of sealing and opining tnetals with a fusible alloy 
that melts without melting the material being joined* Hard soldering (silver, 
copper, and zinc alloys) melt at red hot temperatures, while soft solders (tin 
and lead alloys) melt at temperatures less than 400^* 



Soldering 



lISCHAiJICAL FASTENERS TOR METALS 



TTon-'Jhroaded 



Threaded 



Miscellaneous 



aivets 
Tube 
Solid 
Split 



Stove bolt 



Hetainer rings 



i4achine screw 



Clips 



Ilachine bolt 



Keys 
Square 
Half moon 
Gib 



Pins 



Dovel 
1?aper 
Cotter 
Shear 



CaCTiage bolt 



Stud 



Set screws 



Cup screws 
Round 
Socket 
Fillister 
Hex 
Flat 



ERIC 



lU 

98 



PASTiSNXlIG WOOD MATERIALS: COVERED WAGON 



Ilatrtriala needed: V/hito pino 

Sides ana front x 1 ^16" x ?4'* 
Toilgate 1/2" x 1 3/^&* x 2 15/I6" 
Front axle support j/S" x 3/4" x 5 5/4" 
Koar axlG support 9/16" x 5/4" x 5 5/4" 
Tongue supTwrt 5/16'* x 1 1/4" x 2" 
Scat 1/4" X 1/4" X 2 1/4" 

1/4" X 1/2" X 2 1/4" 

1/2" X 1" X 2 1/4" 
Bottom l/8» X 5 1/16" X 6 7/8" jnasonite 
Axles and tongue 1/4" dovfel 
Cover 1/28" veneer 

8 1/4" X 8 1/4" 

9 1/2" L X 8 1/2'* W 

Round toothpicks ^ 

GlUG - Bhxm/ood vcnoer cement 
wood voneer specialties 
Elliott Bay lion^erto 
Seattle, V/ashington 98104 

1/2" X #20 brads 

1/2** X fif20 wiro nails 

1" clamp nails 

5/8" X /?6 n.H. screws 

1/2" X #4 P.H. screws 
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yrocedure 

1, Cut l/8» X 5/16'* xabbet in aidos on 
the jointer, to receive the bottom. 
(Pie- A) 




Fig. A 



2, Cut a 1/2*' dado in the sides on hoth 
ends, and cut the opposite end of 
each Tvio?c on a 45*^ miter. (?ig. B) 



5- Cut the front end to length 
as shown. (Fi^. O) 



\3i 



rig. B 



2k 



-I 



Fig. C 



'I. Make the cut for the clamp nailst usin^ a 22 gauge saw blade in the miter 
on both sides and frcHit. Use the table saw fence as a stopt tilting the 
blade to 45^. (Fiff. C) 

5. Anply fflue to the miters and install the clamp nails. 

6. Install the hardhoard bottom with l/2»* wire nails. 

7 . Set the 22 fjatige saw blade perpendicular to the top of the table saw 
pro^octinff a minimum of 3/l6" above the table in prepaiation for cutting 
slits into wagon body which receive the laminated top. 

0. *rhc slit should be cut into the bldy starting 7/0'' frcwn the front and 
continuing until 1 j/lS" from the back. Stop blocks may be clamped to 
the fence if desired* 

9. Cut a piece J j/^" lon^ off the 9/16** x 5/4** material for the front 
axle support. 



10. ITsin^ the router jig and the pouter (with 
a 1/4** core box bit) cut the groove l/s*' 
deep in the axle supports for the axles 
to fit. (Piff, D) 



ng. D 



11. Cut two axles 4 7/8'* long by using a V-block jig and cut the wagon 
tcwigue 3 3/4** lonff. 113 
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14. 



15. 

16. 
17. 

1u. 

19. 

20. 

21. 

22. 
23. 



24. 
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Btaid fjaw the ton^rue support x 1 1/4" X 2" with a 1/4" X l/2** alot, 

(Piff. E) 



12, 

13* Using a (irill press vice, drill a 5/^" centered hole in the edge. 



5/16" from the front edge* 
Also drill a 9/64" centered 
hole on .the face through 
the piece from the 

back edge, (Pie# E) 



Secure the tongue support in 
the center of the front axle 
support, losing two 1/2" brads 
and gluo^ (Fiff* 



Fig. E 



t 1 1 


Fig. F 





Drill two 7/64*' holes in the bottom 1 3/16" from the back and 7/8" from 
each side. Countersink the top of the holes, inside the mgoni to 
receive the 1/2" x #4 F,H» screw* 

Drill one 9/64" hole in the front of the bottom one inch from the 
front and centered between the sides. 

Hake the rear axle support 9/lfr* x 3/4" x 5 3/4*" and rout with a 
1/4" core box bit. 

C^*4tor the rear axle support on the bottom 5/4*' from the back and mrlc 
the axle support for the pilot holes through the holes drilled in 
step, 15* Drill a I/I6" hole 5/16** deep. 

Apply wax to the screw threads and fasten the rear axle support to the 
bottom* 

With a 5/8" X #8 R*H» screw, fasten the front axle support to the 
bottom, placing? a 5/l6*' washer under the head of the screw and between 
the bottom and tongue support to reduce friction. 

Center and glue the axle to the axle supports with the holes in the 
axle parallel to the wagon bottom* 

Cut a piece 2 I5/I6" from the 1/2" x 1 5/l6*' stock for the tailgate, - 

Cut two pieces 2 1/4*" long from the 
1/4" X 1** stock and one piece each 
from the I/4" x 1/4" and I/4" x I/?' 
stock to construct the seat as shown 
in Pig* Gr» 



Drill t^«> 7/64" shank holes throu^ 
the s«at 3/8" from the inside of 
the back and 1/2" from each edge, 
(Pie» Gr) Counterwinfc the top of 
the seat for a #4 screw, 
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Fig. G 



25* Center the scat on the front rail Icnffthwayi; and fasten the seat to the 
rail with 1/2" x H acrcve* 0sc a 1/16" bit for the pilot hole, 

26* Cut the wheels from l/4'* haxdboard with circle cutters* 

27* Cut four pieces of the found toothpick 1/2" long to go in the ends of 
the axle to hold, the wheels on* Cut one piece 1 5/8" and one 1" long 
for the tongue* It may he necessary to slightly sand thej^^othpicks 
to fit the holes* ^ 

28* Place the metal template for the wagon cover on the 8 l/4** x 8 1/4** 

veneer, so the grain of the veneer will run lengthways on the wagwi, and 
transfer the pattein to the vetieer with a soft pencil* Cut tho cover 
out with a pair of scissors* 5?wo layers are required* 

29* Apply cement to both pieces of voneer except for a 1" strip on the ends 
of thfi large piece* Let the glue dry and damp one piece in the jig by 
inserting both ends behind the claaiping cleats* (Pig* H) 




Center the outer piece of veneer over the veneer in th^^^^^t Jf^*** P*^. 
rSSi^e lln?£S^^ and working from the center toward the eSge, press it 
SSS fixinlyT a wallpaper edge roller to apply pressure to the 
pieces* 

Notej It may b5 necessary to steam the veneer after the oontaot Slue has 
dried to ntake tlie veneer pliable hefore plaeine in the Jit. 
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31 • Trim the -wneer an -the bottom piece to the pattern of the outer pl«oe« 
32. Clean and aanl all pieces and finish idth linseed oil. 
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CLOTH BACK PACK 




1* Select colOGErful denim fabric * 
a 56*' X 36" piece ia reqxiired. 

2. Layout pattern with a hard- 
board template by rubbing 
chalk over the perforated 
areas, 

3» IXfle scissors to cut away 
X portions. 



Sew pattern hy hand 
or inachine* 

Attach nylon itfobbin^ 
straps with xirots* 

Attach any pockets, 
buttons^ snaps, or 
patches to meet the 
individxtal's needs* 



8" 



6« 



X 














>< 






6" 


12" 


6" 


12" f 

! 
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SOLBERING ELECTRICAL COMPOIIEIJTS TO PRIITTEED CIHC0IT 



!4atcr\al3 needed; 5-1 m£i 10OO capacitor 

5 - 47tOOO ohm 1/2 watt xesiBtor 

5 •* Neon bulbs 

1 - Diode 

1-8' lamp cord 

1 - Electrical plug 

1 - Spool of 60 - 40 rosin core solder 

Tools needed i Pine abrasiva paper 

25 - 45 watt , soldering irons 
Diagonal cutter 
Hand drill 
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omCAL LAMP Housiwa 



Materials needed: 1 pc. 24 x 4 x 5/4 white pine 

1 pc* vinyl contact paper 

12** X 24** 
4 #8 P.H. wood scrowst 5/8 inch 
1 #8 P.H. wood screw, 1 I/4 inch 
Polyvinyl glue 

1 pc. clear giazine 5/52<* x 5 1/2" x 6*' 

1 pc, synthetic stained glass 3/^2*' x 5 1/2" x 6*' 

4 rubber or plastio feet 



Procedure 



1. Gut core stock to length ^ ^ 

2* Gut grooves in core stock 

5* Seal core stock vith sandiilg 

sealer* Sand lightly when dry. 

4. Gover core etook with contact 

paper. 

5- I*ay out and mark joint cuts 

6. Drill holes for cord 

7* Gut joints 

6. Install printed circuit board 

9. Install plug 

10. Install glass and fold box together 

11. Install locking screw #8x1 1/4** 
13* Install feet 
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JJSIT VI- F3RISHING MAXBSIALS 
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CODRSSt HmRIALS AMD PROCESSES 



TOPIC OUTLINE 


perforhwce objectives 


SUGGESTED ACTIVITIES 


RESOURCES 


Bhit VI - Finishing 

to 


student will te able to disctiss 
the following things about fini^hingt 
, (l) Finlahinff by forming obtaining 
a desired surface texture 
through pressure 
(a) QaboBeing 
fb) Holding 
(c) iEQiurling 

(2) Finlfithing by separating - ob- 
taining a desired surface texture 
by removing inaterial 

(a) Machining 

lb) Sfinding and grinding 

(c) Buffing and polishing 

(3) Finishing by coaA>ining - adding 
naterialBt generally called 
finishes, to other materials is 
a finishing process reqxiired oh 
jnaterials not having the deeired 
color or inherent lasting qxiali-* 
ties* Mild steel must be 
coated to prevent corrosion and 
vhen a color other than gray 

is desired* 

(a) Types of coating materials 

(b) Characteristics of coating 
materials 

(c) Systems for applying coatings 

(4) Finishing systems unique to 
specific materials and xnx)ducts 
^a) Ccnc3e«te and plaster 

(bJ Paper 

(c) Timber woods 

(d) Cabinet woods 
Textiles 

(f) Metal anodising 
is) Vacuum metallizing 


Discussion-demonstration* Student acti* 
Tities are as followst 

(1) The student will finish metals by 
forming, separating, and ccHOibining 
processes* 

(2) l!he student will finish woods 
materials by separating and com- 
bining xnx)Cesses« 

(5) ^e student will finish ceramics by 
combining processes* 

(4) A **Finishing Systems for Hetals** 
display plaque will be produced by 
each student* 

{5) Three wooden picture frames will be 

^ finished by each student* 

(6) The entire set of chessmen will be 
finished by each student* 

^eadingst **^e Purpose and Procedure 
for Finishing Metals'* 
**Sandpaper Abrasives** 
^ *^Coating8 for Cabinet Vood^ 

Supplies! Completed products for dis- 
play purposes 
1* ^'Finishing System for 
Hetals** display plaque 
2* Finished picture frames 
3* Finished chessmen 

See Appendix V for reading and activity 
lessons on finishing materials* 

*!Chis imit will take several days for 
completion* 


See Appendix 
p* 109*125 
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tbhssimg srscae for hbpals 

CaKBINIMG NAfERIAItS 

Note: Clewi all metals before you a4d finish oaterialt to then - 
Sand lis^tly with fiM sandpaper «itd wipe olean vlth alcohol 

A, CoTiT>er enameling B« Trftp^'yitton 

20-26 eBMe& X 1" X y copper ,020" - •OfiO" x I" x 3" aluaiman 




1 . Coat with adhesive 

(gum solution) 1, Apply vinyl to alumimiB 




5, Pire 1500° - 10 minutes 3. Reawe part 
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G . Painting 





5. Remove stencil from part 



5. Cut stencil frota contact 
vinyl Willi sharp knife 
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A* Poliahiiw and buffing 

20-26 X 1" X 2" brass 




1, Glue brass to 4" sguare 
of l/S" masonite with 
fast set-ting opoxy 




2# Wot sand surface to be 
polished with €00 grit 
sandpaper 




Buff on cotton buffing wheel 
with abrasive conrpound to 
desired luster 



B* Etching 

.020** - •060« X 1" X 2^ 
bri^t or anodlsed alumimon 




1, Trace design 




2* Cut out with sharp knife 
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Cover design with resist 



5, Hush off ftcid with rumxing 
water over ^BteSc 




:roHMIN& MATERIALS 



A, Mold surface texture 



pattern 
(large coin) 




Jar lid 
diaiaeter 



1, Puah pattern into 
sand and remove 



Mweaed surface 

haaty eitusa i 2" x 4** 

alumimn foil ^ 




~-alu«inum 
foil 



1, Flaoe alminum foil between 
die and ruliber punch 




2, Closed uiid«r pressure of 
Tise or hydraulio preee 



2, Pour hot lead 
into iftold cavity 



finished 
part 



3, Open and raaove part 
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THE PTJHPOSS AND PROCEDURE POR FINISHING MEPAIS 



HBTIAL FIKISHING 

A finish is applied to most metals Iqr niany different inethods and for a 
variety of reasons* Finishes are used for one or more of the follovin^ pxjir- 

p0968t 

1# To improve the appearance of the prodtict such as the 
attractive chrome plating on appliances* 

2, To prevent corrosion like the rush InhiMtors that are 
applied to the interior and exterior of an aatomobile 
body to keep it from rusting# 

5# To cover a less expensive metal with a thin coating or 
store expensive one such as table silverware, jaade of 
nickel, silver, or brass; then plated with pure silver* 

4* To improve the wearing quality of surfaces, sooh ad the 
super^fine grinding done to the ittoving parts of a jet 
engine* 



mSkL CLEIANING 

Before a metal aurfaoe can be painted, it anist first be cleaned* Mechani- 
cal and chemical systems axe used to clean metals* 

Solvents and acids are used to degrease (remove oil and film from the 
metal)* 5he parts can be dipped into the solvent or acid solution or they may 
be brushed or scrubbed with the solution* Mechanical cleaning involves abrad- 
ing or sanding the metal surfaces with wet and 6xy abrasives* !I*his helps to 
remove conrosion and scale from the metal surfaces* 



PINISHIHa EROCESSBS 

^tal finishing prceesses are used for many purposes, the most common of 
viiioh are to Improve metal appearance and to protect the ntetal from rust and 
corrosion* Four f ini^ilng processes are very commonly used in industry* 

Costing wa ,t h Pc^int and Hipi^lar materials ! Probably the best known 
finishing process is the eoating of metal with paint, eosnel, varnish, or 
laotiuer* In industry most of these finishes are api^ied by spraying, often 
with autocDstic spray gons* Special lampe or ovens are usually used to dry 
these finishes rapidly* 
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Coating by di^ng in other metals t Another common type of metal finish- 
ing is hot dipping^^ "Tin-plate'S for example, is sheet steel vhich is cleaned 
arid then dipped in molten tin, vrhich f onus a thin layer on the surface of the 
steel* 

ElectroPlating t Electroplating is a process of coating metal with another 
metal by the action of chemicals and electricity* 

Bnamelinfc with porcelaln t Porcelain enameling is a process used for 
finishing things like bathtubs^ refrigerators, and kitchen stores* Special 
norcelain enamels are spread evenly on the metal and then fired (or fused) 
in kilns to fotm ^ hard, glass-like finish* 



In order to secure the proper cohesion of nwst paints and enamels to 
metal surfaces, a primer has to be applied first* There are jnany types* Some 
aro made especially for application to steel, such as automobile bodies* !Phis 
is lead primer* Zinc and lead chromate primers can be used to steel, zinc, 
and alurtinum for satisfactory results * for instance, on aluminum siding 
before enamel is baked on* 



VUCSH THE PmiSH SHOTJUO BE JUPPLIED 

The finish may be applied at different times in the assembly process or 
aftor all assembly has been completed* Sometimes a part is painted before 
assembly because it can*t be reached after assembly* At other times, certain 
aojor combinations or designs require painting before assembly* 
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TINISHINa ?lGm(B mSHES 



Bach student will conatruot and apply three tyw0 of finishes to three 
picture frames* The three typea of finishea aret (l) fine furniture finish 
(laci^uer), (2) antique finish| and (?) textured finish* 

Bach student will cut one coopXate ftaae ftom walnut and tvo couple te 
framee from poplar* 




Proceduro 

. 1, Shape frame face using surfacer and jig to proper croas^section size and 
shape. 




2, Cut rabtet on the table saw using the rip fence with wooden faoing, 

J30 



5* Rotigh cut picture frame stock to lenffth, cutting two 8" pieces and bwo 
10*' pieces for each frainet and cut picture frame to correct length using 
cutting jie* Be careful to cut two 7 1/2" lengths and two 9 1/2" len^hs 
for each picture fxaae being built* 
a» Cut one end of each piece on rie^t side* 
b» Cut the other end on eaoh piece on the left side using 
appropriate atops* 

4* Sand surfaces of each board using 100 grit abrasive paper* then 150 grit 
abrasive paper* Be careful not to round edges in the joint areas* 



Assembly of comT>onents V combining with adh^sives and mechanical fasteners 

1* Trail clamp frames in the miter clajnp to check fit on the comers* Hcmove 
from clamp and apply glxie to each 5oint surface* Allow glue to absorb into 
the end grain and apply a second coat of glue* Reclamp the frajnes into 
the miter clampi pilot tirill and nail each comer with finish nails* Set 
the nail head with a nail set* 

2* RfjEnove frcm niter clamping fjrame jig* 

5* After the glue has dried scirape off excess glue and finish aandinff the 
entire picture frame very thoroughly* If the comers of the picture frame 
are unevent scrape first with a cabinet scraper blade for fast renioval 
of unwanted atockt then sand* First use 100 gritt then 150 grit paper* 
Check walnut fraine for mill marks, dentst flaws* uneven jointing at 
comer* The poplar picture frames need not be sanded with the same higji 
quality as the ^jalnut frame because of the type of finish they will 
receive* 

4* Refer to the section on application of finishes and apply one each of the 
following f inishost 
a* Pine furniture finish 
b* Antique finish 

0* Textured finish * 
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IJAHISH OIL PINISH 



1, Using a 1" brush or rag, apply a liberal coat of Danish oil to the surface. 
Do not "brush the finish too thin. It must penetrate the vrood. 

2. Let the finish penetrate 25 minutes. 
5* Apply a saecond coat of finish* 

4, Let the second coat penetrate for about 10 minutes and vipe off any esccess 
with a rag, 

5* For a superior finish, let ttie pro;Ject dry overnight. With a piece of steel 
wool or 600 wet-or-dry sandpaper dipped in Danish oil, xub the surface with 
ligjit pressure to obtain a soft l;ietor# Wipe the surface clean with a iae# 



UrtTATIOM WORMY WOOD FINISH 

1, Usin^ tiic flat, boraad tip of a soldering ^un, tuim the gm 90 degrees and 
use the edge of the tip to freehand imitation worm linea# 




2. Use a small soldering tip that has been filed to a point and biim small 
worm holes, - - 

Crxasp both ends of ^ short piece of sash chain (approximtely 12^') in one 
hand and strike the sitrface of the frame nujnero\;ie times to give the fxajoe 
a distressed appearance* 

4* Apply the oil or fine furniture finiEto to the fiama, Howevert if the fine 
furniture finish is used, do not rub out or polish the finish, Use 2/0 
steel wol in place of the abrasive ocwapound which will give a satin smooth 
semi-dull finish. 
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anwQhe hnish 



1# stir the Imao paint thoroughly mtil it Is of uniform consistency, 
2, Select a good quality 1" varnish brush# 

5* Dip the brush into the base paint about 1/5 to 1/2 the lengiii of the 
bristles and pull it lightly over the edge of the can. 




4* Hold tho brash as indicated* Apply the base paint with the graint 
len^h'^set until one side is covered* Eliminate the brush inarfcs and 
level the paint bj starting in the comers* With the tip of the 
bristloEjt stroke lisJitly toward the middle of the boardt liftings the 
bTTUsh from the work as you pass the midpoint* On the outside edge it 
will necessary to brush the paint from the middle out over the end 
to prevent vripinK the paint off the brush onto the comers^ causing a 
run* for the be£>t restilts do the edges first and the face last* 




3« Repeat step 4 on the remaining sides* 

6, Let tho paint dry for 24 hoxars and sand ligjitlywith 220 grit sandpaper^ 

?• Apply the second coat of base paint. 

8. After 24 hours sand very ligjitly with 220 grit sandpaper. 

9* Stir the ^lase thoroiighly. 

10* Place a small ajnoimb of elase material on a piece of alitminum foil* 

11 4 Hfiinove the 1" varnish brush used for the base point trom the container 
and wipe as mudi of the thinner Snm the bruah as possible* 

I?* Dip the tips of the bristles into the glaze on the foil and lightly 
cover one side of the fraioe* 

13 « Wipe the brush as dry as possiblet xieing the aame procedure as was used 
to level the base paint* Brush the glaze with the dry brush* Continue 
wiping the bristles on a ragt brushitig out the glase until the desired 
app^ance is achieved* Brush in strai^t lines and always brush with 
the grain* 

14* Upon completion of the glaze coat* auspftid the brush in the can of thinner* 

15* Use a brush vrith stiff bristles if a spatter finish is desired* A tootti- 
brush works well* Dip the tip of the bristles in the glaze and with your 
fingers bend the bristles back and flip the sfonty toward the frame* 
Practice on a piece of paper first* 

Note: Spatter is a "chance" method. Therefore, it is best to let the 
glaae dry ovemi^t. If your first try isn't satisfactory, you can 
vdpe it off and try again* 
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FIKE FDSNITURB FINISH 



1» Thorotifihly otir the desired stain until it is of uniform consistency, 
note: It is not necessary to stain walnut (omit steps 2 and 3} unless 
you have some ©apwood you want to stain, 

2» Usin^ a stain hn^^t apply a ooat of stain to the wood* Bo not lirueh 
it a& you would vamish} ;just ooat the wood and let it stand for a few^ 
minutes* 

5* Vlipe all surplus stain from the wood with a soft im«* On the final clem 
upt wipe with the grain, lengthwise, to ellndnate streaks* Let is dr^ 

for 24 hours* 

4* If the wood has open porest such as walnut or naho^anyt paste filler 
must be applied to fill the pores* 
a. Select a filler that matches the wood* 

b» Stir the filler until all the material in the bottom of the can is 
thoroughly mixed with the vehicle (liq^uid) to form a creaaay con* 
sistency* 

c» Using a stain brush, apply a coat of filler to the entire picture 
frame* 

d* Using a circular motion, rub the filler into the pores with the tips 
of your fingers* It is not necessary to apply a great deal of 
pressure* 

e* Let the filler set for a few minutes until it loses its wet look 
and turns dull* 

f* Use a coarse rag and wipe across the grain f^rom side to side, to 

remove the surplus filler* 
g* Finish 1>y wiping lightly with the grain* Use a clean, soft xag* 

This removes tho streaks caused by wiping across the grain* Let 

it dry for 24 hours* 

i>* Spray the frame viith a coat of sealer* Aim the gun straifi^t and keep 
it approximately from the object Veing sprayed* Keep the gun paral- 
lel to the surface, starting it to the outside of the surface and moYing 
to the rifi^t* As the center of the gun becomes even with the frame 
pfull the trigger as far back ^ it will go and release as necessary to 
spray each side t*^ice, pointing the center of the nossle at the two 
edges indicated* 

o» Let tloo sealer dr^^ JO minutes and sand lijjitly with 400 wet-or*dxy sandpaper* 

7* S]^y the frame with three coats of lao^uer* Allow 20 mimxtee 1>etween 
coatQ* 

P» Let tho fir/ch drr 24 hours and sand the surface with 400 Bet-03>dry 
9X1^ wator* the paper in water and keep it wet to obtain a dull 
satin afoooth finish* Wipe the surface clean* 
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9. UsinK a felt pad or a pad made with a soft rag, apply a small amount of 
prepared rubbing compound to the pad and rub with the grain until a soft 
ffloss is obtained* Bo careful not to rub through on the comers. Vipe 
thG surface with the grain, using a soft rag and removing all the com* 
pound* 

10. To obtain a high glosa* moisten a small pad made with a soft rag with 
water and apply Trench Glow to the xeg. Rub Toriskly with the grain, 
>/ipe the surplus French Glow off the frame and buff it with a soft rag 
to get the maxlntum of gloss- 
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TEXffDREB FIEnSH 



I4 Make a sealer Toy mixing 1 teaspoon ot acrylic pol^nner loodelin^ paste in 
approximately 1 tablespoon of water* 

Uae a 1** nylon brush and apply this mixture to yo-ur picture frame to 
seal the wood. Let it dry for about 50 minutes. Wash the brush in 
water. 

Spread a layer of the acrylic paste on the large faoe of one side of the 
ftama with a putty knife, Bip the tip of the nylon brush in vater and 
distribute the paste eirenly on all sides of the fraae^ Add more paste 
If it is needed and dip the tip of the brush in water as the paste be- 
comes too heavy to spread, 

4* Wet the sponge in water and squeeze it to remove all the water. Place 
the sponge lightly against the paste and lift it strait out 90 degrees 
to the surface to- texture the surface, 

5* Repeat steps 3 and 4 on the remaining three sides* It will be necessary 
to rinso the sponge occasionally in water, 

6, Clean up all tools with water, 

7* Let the paste dry overnight. 

Shake the aerosol can of pale gold vigoroualy until you can hear the 
steel ball hitting inside the can. Continue shaking the can up and down 
and in a cijTcular motiwi to mix the paint settled on the bottom r ' the 
can* 

% Boint the opening in the nozzle toward the textured frane^ holding 10** 
to 12" from the surface. Proceed as if you were using the spray gun, 

10* After the spraying is completedt hold the can upside down and spray a 
short burst until the paint no longer comes our of the nozzle. Clean 
the face of the nozzle with a rag moistened with turpentine* 
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SANDPAPER ABRASIVES 



Proper oanrlinf: if; one of the most important finishing operations* The 
term "sandpaper" orofebly i^ot Ats name mai^ years ago when sand was glued to 
paper and us«5d in bhab way* Today there axe fotur min different uiineral grains 
of vmrious degrees of hardnpss that aire used* 5?wo aire natural, heing mined or 
quarried, and f/zo axe synthetically produced in electric fxamaces* The natural 
minerals are; 

FljLnt * l^lint is generally off-white in color* It is commonly sold 
in hardvare ^torest but Is not normally used in industry, because 
of its softness* 

Cramet - Grarnot paper is widely used industrially and is especially 
suited for sanding operations on wood and wood finishes* The color 
of eamet is orange-red* 

The synbhetic minerals are; 

Al^MIn^^a oxide - reddish-brown in color; made in electric furnaces 
by fusing the mineral bauxite at very high temperatures. Its tou^- 
ness and enduring sharpness make it a fine abrasivet for both wood 
and metal* 

Silicon carbide - also an electric furnace product^ produced by 
high temperature fusing of silica, sand, and coke* Silicon carbide, 
approaching the hardness of diamondt is a very shairp abrasive and 
may be used on lacquers, plastics, metals, stone, and ceraniic 
materials* 

Moot abrasive* papers come in two types of coatingi closed and open coat* 
Closed coat papers have tightly packed abrasive grains that ^cover their entire 
surfac^i. Open coating, having only 50 to 70 percent of the surface covered, 
tends not to clog up and is used mainly on machine sanding* 

Abrasives are available in different backing such as paper, cloth, cloth- 
paper combination, fiber, or fiber^cloth combination* Paper backing comes in 
four weights, v/hich are designated as A, C, D, and with grade A being the 
li^tweight* 

Abrasives are available in coarse, medium, and fine* The grit is 
classtf^*'^ 3 (^^ovy coarse) to 10/0 (super fine)* Also from number 24, 
(coarse) to 600 (very fine). Abrasive paper is available In standard siae 
3 1/2** X 11"* They also come in disks, drumst and belts for use with the 
various types of power sanding tools* 
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COATINGS FOR CMZms 



SAHDIMJ SmiM 

Sanding sealer, while fillings sli^t imperfections^ is a product that vill 
seal the woi In such a manner as to prevent penetration of subsequent coats* 
This material is fornmlated With good sanditiff qualities and l)y applying several 
coats, vhile sanding between each one, a very smooth seal is po&sible prior to 
final coating with lacquer* 



LACQPERS 

Because of its dairying speed and outstanding durability, lacquer is an 
ideal finish for furniture, fixtures, cabinets, metal products, etc* Lacquers 
are divided into two classesi hi®i solids and modium solid*5* Che hij^ solids 
iacquera are made from low viscosity nitrocellulose* They leave a thicker 
film than the medium solids lacquers* Lacquer thinners are often required to 
lower the viscosity for spraying purposes* 

OIL HNISHSS 

An oil finish is primarily used to penetaraite the wood for preservation 
purposes and to enhance the appearance of wood grain* Linseed and other oils 
soak into the ^^ood after having been applied with a pad of linen or other 
lint-*free cloth* After several minutes of soaking^ the excess oil my be re-* 
moved with a soft cloth* The oil i^ftiich has penetrated the surface will dry 
and harden* A smooth, satin, uniform surface is obtained and oil nay be used 
to finish fine furniture, TV cabinets, gun stocks, doors, and floors* An oil 
finish, while beautifitl, is not regarded as a durable finish* 



SHELLAC PIHISIIES 

Shellac finish is used frequently because it is easy to apply, quicks- 
drying, and dries very hard* Tt can be used as a sealer to prevent knots, 
sappy runs, and stains f3xm bleeding into finish coats* Shellac stains easily^ 
Imc poor water resistance, and has no resistance to alcohol* 



ANTIQJJE PIHISHES 

Antique finishing: \^ a finishing system vhich usually consists of an^ 
opai^ue base coati glaze coat, and finish coat* [The base coat is the founda*- 
tion for most antique finishes* One coat is 'usually sufficient on previously 
finished surfaces, but two coats should be used on new or unfinished woods* 
The second coat is the glaze which the antique ^'pattern" effect is created* 
2hio iz accon^liche;^ by applying and then partially removing the glaze* The 
pattern may be crfjated with a wad of cheesecloth, a dry brush, paint brush, 
or a dry which broom* After the proper pattern has been created and allowed 
to dry a clear finish coat is applied* Vith a little experijaenting, lovely 
patterns can be created* 
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TOPIC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOURCES 


Unit VII - Development 
of Pixjducts 


The student will be able to discxiss 
J how products are designed and built# 


Discus sion-demonstration* students 
will be shown the '*Enginoerin€ Ponnat 
(Design Procedure)*' and will develop 
products from the ideas given by the 
instructor or some of his own* 

Students will use the *'Lesign Analysis 
Chart" to insure that all design phases 
are included in product development* 

Sttidents will proceed according to the 

as it is completed* The instructor 
shoold go over each phase with the 
students* 


See Appendix XV** 
128-139 




• 


Students will present the following 

f 1) Completed **Design Analysis Chart** 
f2) Preliminary sketches and data 

(4) Models 

(5 J Pinal design drawings and data 
(6) Completed products 




o 




Instructor's activities are as followst 

(1) Instructor should hand out and dis- 
cuss the thirteen phases in the en- 
gineering p3rocedure that are fol- 
lowed in designing a product* 

(2) Instructor should hand out and dis- 
cuss the design analysis chart* 

(5) Hand out laboratory activity sheet* 
Discuss the pro;}ect with students* 

ii\>rmat) * 
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TOl'IC OUTLINE 


PERFORMANCE OBJECTIVES 


SUGGESTED ACTIVITIES 


RESOOKCES 


to 




(4) Divide stxidents into groups of five 
for role playing activities* These 
groups should contain retire sen tativ<^ 
of raanagementt engineerst and 
clientele 

Reading: "Engineering Format (Design 
Procedure)'* 
'*J>esigning a Product*' 

Supplies: Paper 
Pencils 

Resource library 
Necessary materials and tools 
to build mock-upet prototypes^ 
and products 

See Appendix VI for readings and student 
activity lessons of ^'Development of 
Products" * 






AEPEtmrx VI ' 

liBVELOIWENT OP PHODUCTS 
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TYPICAL PRODDCT ISBk UJTRODUmON 



msBiz USD cmismsD mabble; 

As you develop the cultured marble product you will become ac<iuainted 
with the procedures ot hov marble is quarriedf ^ere the nain sources are 
found in the United States, and vfaich atate is the leading prodwer. The 
use of marble will be explained* The cost of marble will be explained to 
show why marble is too expensive for widespread use in the Imilding indus- 
try. Cultured marble which has been developed t^^usln^r meirble dust, thereby 
Dvercoitdns the hl^ cost, will also be ^qplalned, 

Discuss the following: pointst 

1* Characteristics of marble 

2, Hov marble is processed 

5* typical piroducts made of mairble 

4* Hov marble is siTnulated 

5* ^ypes of tools used to mold cultured marble 

6, By using the Englneerine Ponuat (Design Procedure), you will research 
and develop a cultured marble product, ^e product may be a small wall 
ledgGf wtity top, soap dish, a small table top, or an ornainental desk 
set, (Must be a product which utilized the qualities of marble stone) 
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MMABLE SOLAR STOVE 



Design a Portable Solar Stove (using the design procediare given you) 
suitable for survey parties aiwi cangperst for use in irelatively sunny di- 
otates* Tt inusb be lightweigtit and dlsaesembled to pack into a small box« 
A petrabolic reflector at least three feet in diaiaeter must be usedf and 
its focal point must not be too precise or It will tend to bum a hole in 
a small container- The reflector nmst be on an adjustable mounting so 
that it can be focused on the sun at different times of the day and year, 
and at different latitudes. 

The suggested solution consists of a reflector made of ei^t proper* 
ly developed segments of polished sheet metal* These s^^ents lie fist 
when not in use, and are bent to the proper shape by fasteners holding 
the segment edges together- 




ERIC 



145 

130 



DESIGN ANALYSIS CHART 
(instructions) 

This chart will help you in the critical analysis of iAie completeness 
of your product (solar oven) design. You will need to check all the appro- 
priate selections in each category aa they apply to your design. The fire 
main topics are listed at the left with the categories across the top. All 
necessary coonents may be added in the open areas provided* This chart 
will help you take into consideration all of the necessary elements for the 
design of your product (or any other product}, tise these oonsiderations as 
yoti follow the Design Procedure given to you by your teacher. 



I 


Enclosing and Pirotecting 


Supporting 


Conyerting Energy 


Vrtiat are the basic 
functions of your 
pzx)duct and its 
component parts? 


Covers 


Frames 


ixeat 


Cases 


Structures 


Slectrical to 


Compartments 








Protective 
films 










Resistance 
to wear 










Resistance to 
environment 










Transmitting 


Assmbly 








Movement 


Pipings 










Power 


Eastenings 








Energy 












Force 












Inform^tton 






■ 
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The f*rtX10tfini^ "Tmip 
sections of this 
chart are tho four 


Means 


Techniques 




Applied Functions 


tlochanical 


Mechanical 


Application 


main design charac*- 
teristics used -in 


Electrical 


Electrical 


Function 


tho forimilation of 
a Tirodiict* 

II 


Electronic 


' — - 

Electro-mochani cal 


Means 


Thermal 


Chemi cal 




How does yoitx oro* 
duct work and what 
are its functions? 


Optical 


El ectzx>ohemical 




liU'jlear 










Chomical 
























Supplied Parts 


Conditions 


Efficiency 




P-inotional 


Resources 








Price 


Application 








iieli^ery 


Mode of use 








iiuality 









III 


Information 


fyveB of Operation! 


V/ork Study 


Service 


How is your product 


Visual 




Sequence of 
operations 




used? 


Touch 




Environment 






Soxmd 




Effort 






oubsoni'j 
vibration 










Heat 










Smell and 
taste 
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IV 

How does yo\xr product 
look or appear to 
others? 


Aesthetic 


Chaxac teristlc s 


Achievement 






Shape 

Design 
Features 

K&terialQ and 
finishes 

Color and 
tone 

QuaJ-ity ■ 




V 


Method 


General Principles 


Design Features 


How will your 
product be prodxiced? 




— — ■- 
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UESISKIMG A PHODTJCT 



1* Introductory * Desi/ai Categpries * The word "design** has maiy mean* 
ings* A digest of various dictionary definitions is; to plan^ conceive^ in- 
vent» and designate so as to transmit the plan to others* Design has niany 
purely artistic connotations* For example^ the design of fabrics^ elothinf;^ 
fumitoire^ etc* In engineorin^t design has coae to mean that broad oategoxy 
of invent icMi leading to the product icai of useful devices. 

Design^ from the Latin "designare" (to mark out)> is the process of develop- 
in^ plans » schemes^ directions^ and specifications for something new* Thu8» 
it is vithin context to speak of Hitler*s designs for world conquest} tbe 
design (conception) of a boofc^ play* or motion picture; or the design of fabric, 
clothings ftoiituret appliances^ or other completely physical objects. Design 
is distinguished from Induction and craftsmanship: design is the creative 
original plan» and the production and craftsmanship are a part of the exe« 
cution of the plan* ^ 

Design means creation in the purest sense. Spec^^ically^ design does not 
go beyond creation^ and it logically follows that the execution of a design, 
(that iSf the carrying out of the plan by presentation^ action^ production, 
manufactUTG^ craft smanshipt and w^e) arc not design at all but are simply and 
positively the products of the design. Also> when examining a finished pro- 
duett it is proper to speak of the design of it^ and by this term of reference 
we mean the original plan or scheme and not the product itself. 

A design may be presented by means of drawings^ models^ patterns^ speci* 
fications^ or other similar methods of communication. By whatever means the 
dcaign is made known^ every detail important to consiunmation must be given* 
This vill include such items as niaterials and their capabilities^ the methods 
of adapting the materials to thoir purpose or work* the relationship of parts 
within the whole, and the effect of the finished product upon those who may 
see itf use itf or become involved with it. 

Design is a wor^ used more or less loosely in all the arts in referring 
to composition^ style* decoration* or any relationship of the parts of a 
complete entity. In some areae* notably in architecture and in product de*- 
sign* art* and engineering affect each other* so that complete freedom is 
often somewhat restricted* Usually painters* poets* musicians* and some 
olhera can design with great freedom. 

Locioolly* one \Aio designs is celled a designer. All designers must 
be experienced and educationally organised and oriented. In other words* a 
designer roust know a sreat deal about what he is attempting to design or he 
will fail miserably. As an example* suppose that a person who has never 
fished and loiows nothinff about the sport* attempts to design a fishing reel. 
Because of his ignorance of such aspects as weight* balcmoe* lino capacity, 
drag charmcterists * and overall performance* such a person is completely 
incapable of producing^ a good design* Nevertheless* most good engineering 
designers are capable of designing a wide variety of devices because of 
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their knowledge of materials* processes, production methods, and other related 
aspects* Dosigners may be likened to executives in large companiest especially 
such people as editors and directors. The executive will decide policies and 
^slness methods and then transmit his ideas to colleaguas vho carry out the 
executive orders. The designer ccnceives his design and then transmits his 
plans to others who produce the iawluct# This does not meattf however, that a 
designer never is involved In parodxjotiom Especially in the fine arts, a de- 
signer may actually produce the product himself# 

Design, in a hroad sense can be and often ist classified acc<»?ding to its 
relationship to practicalii^* Thus abstract design has no relationship ^t* 
ever to usefid or physical objects and is intended only to create a visual in* 
terest or impact* ^^uch of so-called **inodem*' art is abstract design* Aes« 
thetic design is a design applied to some useful oho'eot* The design is in* 
tended for decorative purposes alone, and has nothing whatever to do with the 
usefulness of the object* The design is aesthetic only and performs no practi* 
cal purpose* Other examples of aesthetic design are found in furniture, archi* 
tecture, motorcars, appliances, floor coverings, and other useful objects 
where the design per se, has no function but to deoorate and create an aes« 
thetic impact* Aesthetic functional deaign is that categoi:y of design ^Aere 
aesthetic and functional aspects are closely allied* An example is a Baldwin 
theater organt a fine musical instrument as veil as an outstanding aesthetic 
and traditional design* To see how function affects aesthetios note that the 
seat roust he wide enough at the has« to cover the width of the 32 note pedal 
hoard* Thus, the aesthetic design must he acconoiodated to functional require* 
ments* The curved console is not only traditional and aesthetically interest** 
ang but also has a function in that the tabs controlling the Toioes on the 
two idtnuals .ore convenient to. the ooq^aaist* It is interesting to note 
here that the Baldwin theater organ crotalna oon^letely transistorized tone 
generators and amplifiers and the most modem of speaker systems, and the 
cabinet proper must be sized and designed for aoouatics and to acooiaaodate 
the fundamental parts of the instrument* Purely functional design is any 
design where function is completely domiliant with aesthetics not considered 
at all* An example is a ?KVAIlt 2^Tolt single^phasef sixty<*cycle capacitor 
x\s^d on electric tran^jwiooion lines* Shis piece of equiproont is completely 
factional and aestthetics plays no part in the design* Other eramplas are 
machinist siich as lathes, horin^ machines, motors, power tools, conveyors, 
material-handling oquiimient, and the great bulk of manufacturing and produc- 
tion equipnent* 

£hren though aonthetic considerations may be present In engineering 
design, the emphasis in this disoussioti must necessarily be restricted to 
,good functional engineering design* Howveri never entertain the thougjit 
that pure function alvayo prevails as the governitie factor* As an example, 
in early automotive design the maohine I^per was designed to conrer the 
machine* Recent automotiYo design shove that because of body shape, many 
components have h^on redesigned and mov^ed tttm former positions in order to 
accommodate to body design* 
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^ome of thn bent examples of design in all aspects are to be found in 
automotive and Gommeroial aircraft design. Purely aesthetic features are 
evidenced in colors usedj elegance of fabric, plastic, or leather in uphol- 
steryj finish ruid appearance of appointments, body lines* and artistic con- 
figuration. Functional-aesthetic featxires are obvious ir* such aspects as 
artful apd functional oontrole, dials^ inetruroents, glass areaa^ seat com- 
fort, and safety features. Purely functional design i3 clearly manifested 
oj examination of the power supply and all of its auxiliaries and com- 
ponents. 

There are many categories of engineering design, such as machine design 
and structural design. Paralleling this, the designer worfcing in a parti* 
cular field is designated by hi3 field or subclassificatiosa in itj for 
example, machine designer, appliance designer, structtcral designer, auto* 
motive pairts designer, etc. 

Even though the field of design is broad, all designers think and pro- 
duce in much the same manner. Simply put, the designer draws upon his 
background of knowledge and experience in producing a new entity. Thus, 
Gvery designer must have: (l) knowledge In his field, (2) experience, 
(5) inventive ability, (4) a knowledge of materials and processes, and 
(5) the ability to represent (draw) so aa to transmit his designs to others, 

2, Procedure " How a Designer ^Chinks , First, in approaching a new 
project, the designer must recognize and thoroughly understand every phase 
of the problem. This will include all information necessary to state what 
the device is expected to accomplish and the pertinent data such as speeds, 
pressures* temperatures, and operating conditions. Also, statements of 
relative size and appearance are often included. 

Second, the search for solutions is started, and here the real ability 
to create shows itself. In the beginning, conventional solutions will come 
to mind, and tliere roay be several of them. Then, as the investigation 
continues, newer, more modem, and previously unheard-of answers my appear. 
At this stage, the designer should let hia imagination really "ruu rampant*'* 
Every unusml jiiysical, chemical, and electrical application, use of 
material, combination of elements, and their relationships, sho^LId be 
carefully studied. A number of possible solutions will probably emerge. 
Sensitivity to the problem, the ability and desire to create, coupled with 
originality and the worker's ability to analy:ae and synttesise, charac- 
terizes this stage of the work. Perseverance and persistence offer the key 
to success here, 

V/hile the solutions are being composed, the designer must make sketches 
for his own use, 'ro be sure, these niay be very •'rough*' and may lack de- 
tailed inforraation, but they will probably include many vritten notes 
giving information for later use. This is where real ability and facility 
in the use of the graphic language plays a very important role. An active 
mind and fluency a*t recording the mind's products of originality on paper 
combine to produce successful solutions, 
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'fhird, all of the solutions should te evalmted* TMs analysis nmst in- 
clude feasibili fcy of the desifiji.froni every standpoint * f^rom every engineering 
detail to economics and aesthetics* Thie nnist be done carefolly and honestly 
because it is principally self -evaluat ion » Personal idioeyncrasies and pre* 
ferences ohould bo subseirvlent to a completely "open mind", 

Pourtht either decide on the best solution or continue the search for a 
better solution. 

Fifth, obtain approval of the design* The practice here vairies with the 
size of the organization* Compeny practice prevails* 

Cixth, refine and correct the original design and make more complete 
sketches as a goi^e before starting a formal design drawing* Some alterations 
may be a aresult of the approval conference on the design* 

Seventh, loaVe a formal design drawing* This drawing muet ^ow all in- 
formation that will be needed >y detailers who will make the individual part 
drawingSt subassembliest and assemblies* 

Eighth, obtain final approval of the design* 

All this is not quite as difficult as one mi^t think* The real key 
lies mostly in the ability to draw, both f3?eehand and with instruments; it 
is then the creation develops. At this time all the designer's knowledgCt 
experience, and skill are tarou^t to fmiition* As he thinks of ways to 
solve the problem - considering methods, materialst combinations, and ar- 
rangement of components - he records his thoughts and develops his design* 
Because of the creative aspect, designing is personally very interesting 
and satisfyinc* 
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ENGINEEBIIKJ POBMilT - (iffiSIGN PROCEDURE) 



I. Phase One - Tho project 

Discussion with managementt engineerinet clientele 

Statements and specifications of the^ design problem 

Collection of all pertinent information 

II. Phase Tvro - Formulation 

A* Recognition of reqxiirements 

B. jDofinition of requirements 

C* Consideration of previous designs 

B* Assembly of all original data needed - mathematical t 
graphicalt mechanlcalt electricalt etc* 

XXJ* Phase Three - Concepts 

A* Preliminary design sketches 

B. Preliminary design data giving materials, methodst 
construction details, and projected diaracteristics 

IV. l^sc Four - Analysis 

A. Critical analysis of all design concepts 

r 

B. Selection of most promising design or designs 
V- Phase Fivo - Design Conference 

A. discussion of preliminary designs with engineeringt 
managcmentt and clientele 

B. Approval of design or designs 
VI* Phase Six * Refinement 

A* More complete drawings and specifications of 
selected design or designs 

B* More complete data supporting ia?ojected design 
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. Phase Soven - Design Conference 

A* O^ccussion of refined flesign or designs 

B* Approval of most Promising design 

VIII. Phase Ei^t - Synthesis 

Jl. Projected design supported by mathematical, graphical, and 
oomputer-aidod and coraMned systems data 

3. Investigation of all tAiysical aspects atid P3Xof of the 
soundness of design 

XX. Phase I^ino - Models 

A. Co^apon.?^ts 

I. Mock-ups 

?lodels of critical features 

D. Prototype 

X. Phase Ten - Ttesting 

A. Proof of operating characteristics of components 

B. Proof of soundness of complete entity 
XI. Phase Eleven - Conference 

A. it^inal discussion with originating authority 
13. Approval of final design 
XII. l^hase IVelva * yinal Preparation 

A. l^lnal design drawings 

B. ?inal specifications 
XIII. Phase Thirteen ^ 1?ransinittal 

A. Transmittal of final design drawings and specifications 
t.o originating authority 
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RESOORCB MTERIALS 

The following? list of resource materials is l)y no means complete or 
exhauetive. It merely represents a compilation of the test and most avails 
able material known and used by the members of the conanittee, 

1# All You Need to Know About Adhesivee * Hichard C, Snogrem* New York, 
New York: Popular Science, 555 Lexin^on Avenue t December, 1971* 

^0 Altunimm * Metal of Maav Eaces , Pittsburg, Pennsylvania: Bureau of 
HineSt Unit(?<l States Separtmart of Interior Motion Pictures, 4800 
Forbes Avenue# 

5# AlthouDe, Andrew , Ttirnqjtiist, Carl , and Bowditch, 'rfilliam A, 

Modem Welding? . South Holland, lUinoist Goodheart-Willcox Company, 
Inc., 19?0* 

4# Carls'in, Darve;^, Graphic Arts * Peoria, Illinois: Chas* A, Bennett 
Comnan7f Inc., 1970* 

3- Cei^aunics^ A Potter^s Handbook , Glen Helson# Mew Yorfct New Yorfct 
Holt, Rinehart & Winston, Inc*t Subsidiary of Columbia Broadcasting 
System, 58? Madison Avenue, 

6, Characteristics of 14 families of Elastomers t and Properties and Per* 
foirroance for 14 Types of Elastomers ^ (charts) Oranget California: 
West America Rubber Company, 750 North Main Street* 

7- Cherry, Raymond* General Plastics * Blocmington, Illinois* McKnight 
and McKnight Publishing Coiapanyt 1967* 

6* Concrete Tcchnolog^r for Today and Tomorrow * pages 7-17, 19-25* Dr* 
Bill Wesley Brown* Flagstaff, Arizona* Northern Arizona University* 

9* i^ts About Fabrics * Wilmington, Delaware; BuPont BeNeraours & Co* 

10, Fairer, John L* Woodworkinpr for Industry * Peoria, Illinois: Chas# 
A, Bainett Co*, Inc, 1971# 
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Groneraan, Chris H*tand Ulazener, Bverett R* Technical Wbodworkin/t * 
ICevf York, New York* McGraw-Hill Book C<»npanyt 1966# 



12# Industrial Tooling with Hydrooal^ Gyt)sum Cements * Chicago, Illinois* 
United States Gypsum, '101 South Wacter Brive* 

15* Johnson, Harold V* Manufacturituc Processes * Canton, Illinois: 
Chas* A* iiennett Co., Ino*, 1^73, 

14, Materials and Procesges Currioulm Ctdde , Kansas State Department 
of Education* 
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1v- Printed Circuit HaadbooV, * Rockford, Illinois: GC Electronics, Wvi- 
sion of Hydronietals, Inc# , 400 South Vfyman Street# 

1*'. 3bo^l-MakinjT Flow Charts ^ Vtaahington, C.i Public Relations Bepart- 
tnent, American Iron and Steei institute, 1000 16tti Street, iI#W- 

17- buanson, nobert Plastics technology - Bloomington, Illinoisi 
HcKnight and McKtiigJit Publishing Company, 1965# 

18. The jfanufact^tre of Paper * Wichita, Kansas: Southwest Paper Conn)any, 
140 Uorth Mosley Avenue. 

19. ?ho Story of Fi^)erSt YamSi. and I^brics * New York, New Yorlct 
Celancse Fibers Company, 522 Fifth Avenue- 

?0. The Story of the Plastics Industry , pagea 1*8# New York, New York: 
The Society of the Plastics Indixstry, Inc., 250 Park Avenue. 

2l. ?he Story of the Tire * Akron, Ohioi The Groodyear Tire and Rubber 
Canpany. 
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